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RULES AND REGULATIONS FOR STUDENTS 

The faculty of the Anderson Airplane School takes this opportunity 
to welcome you. It is our sincere hope that through your connect¬ 
ion with this School you will profit by the training you receive 
and be enabled to succeed in your chosen field of endeavor. Our 
School is well equipped and staffed to teach you the manufacturing 
of metal aircraft structure and it is our wish that you will share 
with us our pride in the School and of the things we teach. 

In order to operate in an orderly manner, it is necessary that you 
observe the rules and regulations which are compiled in such a 
manner as to be of benefit to the entire Student Body. We submit 
them to you because we feel that your adherence to them will make 
for a -high efficiency with an increase in scholastic qualifications 

Study the rules and abide by them. If there is anything about 
them that is not clear to you, consult your instructor. From time 
to time additional information will be published on the bulletin 
board. Consider these bulletins as additions to the School Regula¬ 
tions and treat them as such. 

1. Students must be in School and ready to commence studies 
at the appointed time. 

2. Each student is required to be in his place and ready 
for work when the starting signal is sounded at the 
beginning of each work period and to stay at his ap¬ 
pointed study until relieved by the instructor. 

3. Time clock cards must be kept accurately. 

4- You must obtain permission from your instructor, if 
necessary to leave School before the regular School 
period is terminated. 

5. If absence from the School is necessary for any reason, 
notify the School Personnel Department as soon as possible 

6. Students will be held responsible for any tools drawn 
on their tool checks. 

7. All tools must be returned to the tool crib at the end 
of each study period and all work benches cleaned and 
any scrap material placed in the receptacles provided. 

8. The Personnel Department should be notified of change 
of address and telephone numbers as quickly as possible. 
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9. Loitering about the School is not permitted at any time. 

10 . Gambling of any kind on the premises is prohibited. 

11. Smoking is not permitted during School hours. 

12. Tuition fees must be paid in accordance with the terms 
of student's contract. 

13. Suspension or expulsion from School will be made for 
drimkenness, obscenity, gambling, immorality, dishonesty, 
willful destruction of property, or any flagrant viola¬ 
tion of the School rules that would react detrimentally 
to students in School. 

14. When leaving School, lockers must be opened. All tool 
checks must be returned with full tool clearance 
obtained. 
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HANDLING OF MATERIALS AND PARTS 


1. Students should use diligent care that materials are 
not scratched or damaged from any cause. 

2 . Students are expected to do their work in a workman¬ 
like manner. 

3. Work must be done exactly in accordance with the blue 
prints. 

4 . Do not attempt to "cover up" accidental damage or faulty 
workmanship. Report such matters to instructor. (Fail¬ 
ure to report to factory superintendent is cause for 
dismissal.) 

5. Students are required to keep the area in which they 
are at work clean and orderly. Discarded papers, oil 
rags, all waste materials, etc., should be placed in 
the rubbish cans. 
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SAFETY 


1. There is a first aid kit provided for all minor 
accidents in the tool crib. All injuries, no 
matter how small, must be treated immediately. 

2. Students are requested to use all possible safety 
precautions and to read such safety bulletins as 
may be posted on the bulletin board. 

3. Students must not use machinery with which they 
are not familiar. 

4- Practical jokes are not permitted; they may prove 
dangerous. 

5. Students must use extreme card in handling air 
hoses. Benches and clothing must not be cleaned 
with air hoses. 


The majority of these rules form a part of the standards 
under which all aircraft factories operate and compliance 
to same is mandatory in this School and constitute part 
of the student training system. Only by observing same 
will a student be allowed to graduate. 

In consideration of the above rules, bear in mind the 
faculty is anxious and willing to discuss with you any 
points which you may not understand. Any suggestions which 
you may have which will lead to the efficiency of the 
School and the betterment of the student will be greatly 
appreciated. 
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FOREWORD 


In writing this text, it is the writers' hope that it 
will prove of value to you, not only during the time you are 
at this School, but in the future when you take your place in 
the aviation industry. 

The articles and materials and the processing of such 
are descriptive enough and the information contained is suf¬ 
ficient to give one a working knowledge in handling aircraft 
materials. You will find the tables and charts useful for 
future reference. 

The lessons on blue-print reading have been compiled in 
such a manner that an understanding of mechanical drawing can 
readily be acquired. Study of these subjects and the ones on 
assembly methods is essential if a thorough knowledge of air¬ 
craft structure assembly is to be gained. 

As the various lessons are presented to you, read them 
over carefully. Try to analyze their meaning. If, after read¬ 
ing them, their meaning is not clear to you, remember the School 
Instructors are at all times willing to explain them. Techni¬ 
cal data from many sources is embodied in the subject matter of 
this text. Added to this is the knowledge the writers have at¬ 
tained through long contact in the aircraft industry. 


FRANK HARDMAN 





Fig. 1 Seversky Fighter 




Fig. 2 

One of the latest type Army bombers in flight, the Martin B-10, midwing monoplane 
powered with two 650-horsepower geared supercharged Wright Cyclone engines. With 
a bomb load of more than 2,000-pounds, a speed of 200 miles an hour is reported 
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Fig. 3 


IN REGULAR PASSENGER SERVICE 

One of the Twin Wasp-powered Martin flying boats with which Pan American 
Airways started regular passenger service across the Pacific in 1936, the “China 

Clipper.” 
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Fig, 5 Cargo Carrier 


Fig, 4 Passenger Carrier 










Fig. 6 
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THE NORTHROP CORPORATION 
Inglewood, Calif. 

Long Range Bomber 
Engine: Wright Cyclone 
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Fig. 7 



A 



Airfoil A has high lift and weight carrying qualities 
Airfoil B has high speed and efficient climb 
Airfoil C combines good lift with good speed 
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Fig. 8 Monoooque Fuselage 






Fig, 10 Tail Surfaces 















































THE AIRPLANE; MAN'S GREATEST ACHIEVEMENT 
The airplane of today represents man's greatest achievement as 
a builder. The modern airliner dramatically presents all of science 
now known to man. In its design is embodied dynamics which apply 
only to air as a travel path. Men who build planes employ methods 
and materials never before utilized. And each day brings changes. 
Bigger and better planes are being built right along. The new de¬ 
signs show more speed, more lift, more stability. Alloys recently 
developed have proved stronger, more easily fabricated. In this 
world of ours the airplane is the greatest means of travel ever 
conceived by man. Right now the metal plane is king. 

THE AIRPLANE; MAN'S GREATEST WEAPON. 

Considered as a weapon the military plane is used as a pro¬ 
jectile. The "Strategy" of warfare embraces all the maneuvering 
before battle. Here the reconnaissance plane fulfills the function 
of a scout, securing information of the enemy. By "Tactics" in war¬ 
fare is meant the movements after contact has been made with the 
enemy. Modern military tactics now call for the use of combat or 
fighting planes, bombers, and torpedo planes. As long as nations go 
to war, these planes will be built. 

Each military plane has its own flight characteristics. The 
fighter must be fast and have great maneuverability (54)*. It 
must be able to climb rapidly and be capable of withstanding the 
strain of terrific dives. Obviously the structural members must be 
very strong and the engine must have great power. In building a 
fighter you will work with material having a great factor of safety 
(32). Stability (93) and low landing speed must be sacrificed in 

*NOTE: Where a number in parenthesis like this ( 54 ) follows a word 
look up the meaning of it by turning to the numbered list of words 
and phrases at the end of the lesson. LEARN THE MEANING OF ALL THESE 
as you go. 
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the design of these pursuit (fighter) ships. See figure 1. It 
carries practically no load except its armament, and only a small 
supply of gas. 

The scouting plane (also the patrol plane) has a high ceiling, 
must be inherently stable in order that photographs may be taken 
with accuracy, and should be fairly fast. Its cruising range is 
greater than that of the fighter so its engine must be more 
economical as to fuel consumption at cruising speed and its gas 
supply greater. Scouts carry defensive guns, some armor. Structural¬ 
ly it is not so strong as its combatant mate, the fighter, which is 
usually detailed to guard its flight and which literally flies 
circles around the scout. 

The torpedo plane (Wavy) and the bomber must each carry a load, 
usually a very heavy load. See figure 2. In this respect these 
ships compare, in basic structural design, with the transport plane. 
Without munitions aboard any of these ships can carry a large number 
of fighting men. They have a large wing spread, are heavy, multi¬ 
engined, stable, comparatively slow, have moderate ceiling*, and large 
cruising radius. 

Military planes present exactly the same engineering, design 
and structural problems found in producing commercial type planes. 

The sport plane is very similar to the fighter; the transport is 
similar to the scouting plane. In one case the Wavy patrol type 
plane has been modified as to the fuselage (37) to accommodate pass¬ 
engers. See figure 3. 

There is one extremely important point to be remembered about 
building military planes: The workmanship required is of the highest 
conceivable standard. This standard is rigidly maintained at every 

*Ceiling means the height to which a plane can climb. 
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factory by Army and Navy Officers who are assigned to duty there as 
inspectors during the production of aircraft for military use. You 
will be allowed no leeway as to the work you do on a plane built 
under Government contract. Every rivet is inspected. Every rivet 
MUST BE SET RIGHT. You may rest assured the design of the plane has 
been proved. There must be no structural failure due to either 
material used or workmanship. THAT is the main thing to remember 
about building military aircraft. 

THE AIRPLANE; MAN'S GREATEST CARRIER. 

As a means of transportation, the airplane is the most wonder¬ 
ful carrier yet conceived by man. To be universally accepted as 
such and to insure its widespread use certain basic economic factors 
must be taken into consideration. The first of these is safety . If 
a plane is to be used by anyone, for any purpose, it should be built 
so that it is safe. From a structural point of view, this is 
possible. All materials used in its manufacture, as you shall see a 
little later on in the course, can be, and are, tested as to their 
strength. The rate at which they deteriorate can also be determined. 
The wind tunnel provides a means for determining the flight character¬ 
istics which make for or against safety in flight. It remains, then, 
for the man who builds the plane and the man who flies it, to establish 
the airplane in our system of living as a safe carrier. 

The next three factors governing its use as a carrier are all 
tied in together. These are: How fast, how much, and how cheaply 
can it carry a pay-load (goods and people). The pay-load is governed 
by design. Design takes into consideration the power plant, so both 
lift (43) and speed are influenced by its choice. The shape, the ex¬ 
tent of streamlining and the materials used, all affect speed and 
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flignt performance. But the laws of aerodynamics (l) govern shape 
and size. A great wing spread means more lift; thick wings create 
climbing ability-thin ones make for speed. 

If you will study figures 3, 4- and 5* you wrill see some out¬ 
standing examples of commercial planes designed as carriers. The 
difference in pounds between the weight of a plane (fully equipped 
and manned for flight) ana the same plane loaded to capacity with 
cargo, represents its capacity to earn money on a haulage basis. 
Therefore, a plane must be built to carry its own weight and as much 
pay-load as possible, if it is to be a good investment. The weight 
of the construction materials MUST be light and they MUST be strong. 
The shape of the plane must be such as to withstand the loading and 
also the strain of flight conditions. 

It all comes down to this: You must build planes with a high 
safety factor, of stable design, of excellent performance in the air 
while carrying a big pay-load without the excessive expenditure of 
horsepower. Remember these requirements. They represent the essence 
of the business principles involved in the air transport business. 
They govern the choice of the materials with which you must work, 
the manner of working with them. They also impose the requirement 
that you must become a skilled, reliable mechanic. 

The most wonderful designer in the world with all the materials 
he asks for, cannot produce a good plane without good workmen. This 
also, you may remember, as you progress in this course. 


THE STRUCTURE OF AN AIRPLANE 

Men who build airplanes have a technique of their own, a 
snappy but steadfast technique, one which some day you shall call 
your own. The reason why this very definite and very much worth¬ 
while technique has developed must be known in order that the 
structural problems may be understood. 

From the builders point of view the plane is a live structure. 

It is not made to be hurtled through air like the dead weight of a 
cannon ball. Rather, by virtue of its structural form it converts 
the thrust of its propeller into Lift. Opposed to this live force 
is the dead weight of Gravity. In flying, air is "impacted.’' The 
resistance of this "densed" air must be overcome. The result of 

these three forces Lift, which sustains the plane. Gravity, which 

tends to pull it down, and Drag, which tends to hold it back is 

that the structural members are constantly subjected to a terrific 
strain (106). 

The thrust of the propeller itself creates the first great 
strain. Each time a cylinder fires in a one thousand horsepower 
engine, the blades of the prop receive a seventy horsepower kick. 

This happens three hundred times per second! If this seems great, 
consider the centrifugal (19) pull of the blades; in some cases this 
amounts to more than the weight of a pullman car. Obviously the hub 
of the propeller must be well built and constructed of strong mater¬ 
ial. There is another live load at the "business end" of the air¬ 
plane caused by the prop screwing into the air while giving the plane 
its forward thrust. On take-offs this amounts to only about two thou¬ 
sand pounds per blade. BUT, because of the leverage action between 
the blade tip and hub, it creates a bending load equal to that when 
a one-hundred-and-fifty pound man stands at the end of a forty foot 

s' 
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diving board. 

These forces and all others acting on an airplane can be deter¬ 
mined mathematically and by tests. The point is that (and it should 
be carefully noted), that from the nose of the plane to its tail 
there are live forces at work. Therefore , build to meet them I 

STRUCTURAL TYPES 

Structurally speaking, there are three general types of air¬ 
planes: (a) the "wood-and-wire", (b) metal and (c) composite. 

Wood and Wire : In this form of construction the longerons of the 
fuselage are solid pieces of wood braced with wires stretched tight. 
The wings are made from wood glued together. They also are braced 
with wire. Over the fuselage and wings fabric is stretched, secured, 
and ’'doped" to make it airproof. Wooden struts are used between 
wings and in the landing gear. This type plane is still being manu¬ 
factured, generally for sport use. A man being trained to work on 
metal planes will find wooden planes of interest only as a type with 
which to compare the more modern metal type plane. 

Composite Construction : This term refers to mixed aircraft mater¬ 
ials in an airplane such as welded steel tubular fuselage, wooden 
wing structure, and fabric covering. Some typical examples of 
composite type airplanes are as follows:- 

Curtiss Company : Wooden spar in wings with pressed dural 
rib. (Dural is an aluminum alloy, to be explained later.) 

Boeing Company : This organization utilized welded steel 
fuselages and wooden wings. It helped develop the riveted 
square tubular dural fuselages; also, the dural wing struc- 
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The Fokker Company : Mr. Fokker was the first to use a 
welded tubular steel fuselage with a wooden cantilever 
wing. (You will learn the meaning of cantilever as you 
study the mechanics of an airplane.) 

These companies have done much to show the desirability of 
using certain metals in airplane construction while proving the 
desirability of combining metal, wood and fabric in airplane 
structures. 

The Metal Plane : As to service and construction, this type is ideal 
Some of the obvious advantages are:- 

1. Strength . Strength makes for safety. In aviation, 
safety is of paramount importance. 

2 . Fabrication Methods . Metals can be easily worked 
into any desired shape. 

3. Serviceability . Metals used in airplane construc¬ 
tion do not deteriorate as rapidly as other substances. 

This brief summary of advantages merely indicates the more obvious 
reasons for the superiority of the metal plane over its older and 
weaker brothers. The entire case in favor of this truly marvelous 
structure is contained in the lessons which follow, lessons which 
will prepare you to build planes of metal as they should be built. 
And to build planes is to come to know them and to love them. 


THE COMPONENT PARTS OF AN AIRPLANE 
Figure 6 shows the most important parts of an airplane. 

Notice that there are two views of a typical (small) airplane, 
built by the Northrop Company. All parts are designated by numbers 
and there is a list of key numbered parts. Use this as a guide in 
the study of nomenclature. 
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Wings: The wings of a plane give it lift. Other parts may provide 

some lift, but remember lift as the chief function of wings. A 
wing is an airfoil (5). The camber (17) of the airfoil helps deter¬ 
mine its characteristics, such as high lift, low lift, high speed, 
etc. See figure 7, an illustration of some typical designs of air 
foils, with the purpose for which they are designed, indicated be¬ 
side each sketch. You will conclude from a brief study of these 
airfoils that, broadly speaking, the thin airfoil is for speed, 
the thicker type for lift and weight carrying ability. These are 
the two main points to bear in mind for the time being. 

Fuselage . This, of course, is the name of the main body of the air 
plane structure. There are two popular types, the monocoque and 
the semi-monocoque. The man who is to build fuselages will learn 
as he goes that the shape of the fuselage determines its strength 
almost as much as the material w r ith which he constructs it. The 
old familiar experiment of the egg shell illustrates the principle 
involved in the monocoque shape:- Carefully place an egg length¬ 
wise between the palms of your two hands, each end of the egg being 
cushioned in a palm. As you clasp the egg, entwine the fingers 
of both hands together. Squeeze. (No; if the pressure is applied 

as here directed, the egg will NOT break - believe it or not!) 

Figures 3 and 9 show the commonly used forms of fuselage. Look 
them over. 

Control Surfaces : This group consists of the following: 

1. Ailerons. The function of the ailerons is to give lateral 
control to the airplane about the longitudinal axis. They are 
a part of the main lifting surfaces and carry out the shape of 
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the wing. They are located at the trailing edge of the wing 
and are hinged to the rear wing beam or spar to have free up 
and down movement. The ailerons are connected by control wires 
or rods to a STICK or WHEEL in the pilot's cockpit, movement of 
which to the right raises the right aileron and lowers the left 
aileron. This action, called BANKING, causes a depression of 
the right wing, accompanied by a raising of the left wing, be¬ 
cause the aileron movement has caused a difference in lift on 
the two wings. 

2. Horizontal Stabilizer: The horizontal stabilizer is a re¬ 
latively small surface mounted near the back end of the main 
body or fuselage in a manner similar to the wing mounting. It 
has some lift, due to the camber design, and consequently its 
angle of incidence adjustment can be made to control nose and 
tail heaviness to some extent. Also, through longitudinal di¬ 
hedral with the main lifting surfaces, it functions to secure 
longitudinal stability. Many horizontal stabilizers are adjust¬ 
able from the pilot's cockpit during flight and are, therefore, 
considered as a control surface. 

3. Elevators : The elevators are placed in a horizontal position 
at the rear edge of and hinged to the horizontal stabilizer. 

They are connected to the stick in the pilot's cockpit by wires 
and rods. Figure 10 illustrates the elevators and their tubular 
control as used on the standard airplane. Pushing the stick 
forward lowers the trailing edge of the elevators, causing in¬ 
creased lift at the tail, thus nosing the airplane downward in 
the direction of flight. Pulling the stick back raises the trail¬ 
ing edge of the elevators, causing the whole tail to be depressed. 
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with a consequent nosing upward of the airplane. Elevators, 
therefore, function to give longitudinal control about the 
lateral axis. 

4. Vertical Stabilizer : The function of the vertical stabilizer 
is to give directional stability about the vertical axis of the 
airplane by preventing the tail from washing from side to side. 

It is mounted vertically near the rear end of the fuselage. 

Equal air pressure on its two sides tends to hold the tail 
steady. A good analogy is the feather in an arrow. The vertical 
stabilizer adds keel surface to increase directional stability. 

5. Rudder : The rudder is attached to the tail end of the fuse¬ 
lage in a vertical position, usually hinged to the back edge of 
the vertical fin, and to the rudder post which is the extreme 
upright structural member in the fuselage. The function of the 
rudder is to give the pilot steerage way control about the air¬ 
plane's vertical axis. The rudder is attached by wares or tubes 
to a rudder bar or pedals in the pilot's cockpit. Pushing the 
right pedal or rudder bar end forward wall pull the rudder to 
the right. This action causes more air pressure on the right 
side of the tail than on the left side, and wall turn the air¬ 
plane to the right about the vertical axis, because the tail is 
pushed to the left. Similarly, giving LEFT RUDDER will cause a 
turning of the airplane to the left. 

6. Landing Gear : This may be either wdieels, pontoons or skids 

and are often interchangeable. No matter what type is used, 

*>' 

the function of the landing gear is obvious. 







GLOSSARY OF NOMENCLATURE AND TERMINOLOGY 


1. AERODYNAMICS. That branch of the science of dynamics which 
treats of the motion of air and other gaseous fluids, and of the 
forces acting on solids in relative motion to such fluids. 

2. AERONAUTICS. The practice of the science and art pertaining 
to the flight of aircraft. 

3. AILERON. A hinged auxiliary control surface, usually a part 
of the trailing edge of a wing, designed to control the rolling 
moments of an airplane about the fore and aft (longitudinal) axis. 

4. AIRCRAFT. Department of Commerce definition — Aircraft 
means "any contrivance now known or hereafter invented, used or 
designed for navigation of or flight in the air, except a parachute 
or other contrivance designed for such navigation, but used primar¬ 
ily as safety equipment." Technical definition — Any weight 
carrying device designed to be supported by either buoyancy or 
dynamic action. 

5. AIRFOIL. A rigid structure of large superficial area relative 
to its thickness, designed to obtain, when driven through the air 
at an angle inclined to its direction of motion, a useful dynamic 
reaction. 

6. AIRPLANE. A heavier-than-air craft which depends upon mechani¬ 
cal propelling forces to secure dynamic action of the air. 

7. AIR SPEED. The speed of an aircraft relative to the air. 

8. AMPHIBIAN. An airplane designed to operate either from land 
or water. 

9. ANGLE OF INCIDENCE, AERODYNAMIC. The angle at which the neutra 
lift line of an airfoil attacks the air relative to the direction 

of motion. 


10. ANGLE OF INCIDENCE, RIGGERS. The angle that the chord of a 
surface makes with a line parallel to the axis of the propeller. 

11. ANGLE OF ATTACK. The angle that the chord of a surface makes 
with the horizontal direction of flight. 

12. AVIATION. The art of operating heavier-than-air craft. 

13. AIR SCREW, PROPELLER. A surface so shaped that its rotation 
about an axis produces a force (thrust) in the forward direction 
of the axis. 

14. AVIATOR. The pilot of an airplane. 

15. BANK. To incline an airplane laterally by rotating it about 
the longitudinal axis. 

16. BIPLANE. An airplane on which the total lifting surface is 
divided between two wings, one above the other. 
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17. CAMBER. Curvature of the rise in the curve of an airfoil 
from its chord, and for any point on the curvature, is expressed 
as the ratio of rise to chord length. Upper camber refers to the 
upper surface, lower camber to the lower surface, and mean camber 
is the average or mean of the two. 

IS. COCKPIT. The open spaces reserved for the accommodation of 
passengers and crew. 

19. CENTRIFUGAL FORCE. The force which urges any body moving in 
a curved path away from the center of the curve. 

20. CONTROLABILITY. The quality in an airplane which permits the 
pilot to change the attitude of the airplane with relative ease 
through manually operated controls. 

21. CONTROLS. A general term applied to means provided the pilot 
for governing the speed and maneuvers of an aircraft. 

22. COWLING. Removable covering over engine compartments and other 
parts of aircraft. 

23. DECALAGE. The acute angle between the wing chords of a multi¬ 
plane . 

24. DIVE. A steep descent below the normal gliding angle, which 
gives speed greater than normal flying speed. 

25. DOPE. The finish applied to aircraft cloth fabric, to shrink, 
preserve and cause air tightness. 

26. DRAG. The horizontal component of reaction produced when 
airfoils are thrust through the air. 

27. EFFICIENCY. The ratio of output to input, or the effectiveness 
to design. 

28. ELEVATOR. A control surface, usually hinged in a horizontal 
plane to the horizontal stabilizer, the function of which is to 
control pitching moments about the lateral axis of an airplane. 

29. EDGE, LEADING. The front edge of a surface relative to its 
direction of motion. 

30. EDGE, TRAILING. The rear edge of a surface relative to its 
direction of motion. 

31. FABRIC. The cloth (usually Irish Linen) used for covering 
an airplane. 

32. FACTOR OF SAFETY. The ratio of the ultimate strength of a 
member to the maximum probable load that may be imposed. 

33. FAIRING. An auxiliary member fitted to a part with the primary 
function of reducing head resistance or drag. 
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34. FIN. A fixed surface attached to an airplane parallel to the 
longitudinal axis for the purpose of securing stability; tail fin, 
skid fin, etc. 

35. FIRE WALL. A wall of fire resisting material between the 
engine compartment and main body to reduce fire hazard. 

36. FITTING. A general term for small parts used in joining members 
or parts of a structure. 

37. FUSELAGE. The main body of an airplane to which are attached 

wings, power plant and tail unit. , 

38. FUSELAGE, MONOCOQUE. A rigid shell type of fuselage construc¬ 
tion, wherein the structural strength of the fuselage is in the 
shell. 

39. GRAVITY. The force of the earth's attraction upon a body. It 
decreases with increase of distance from the earth. The present 
altitude range of aircraft is not sufficient to cause an appre¬ 
ciable decrease in the attraction of gravity for an airplane. 

40. GRAVITY, SPECIFIC. The relative density of substances per unit 
volume compared to the density of water for the same unit volume. 
Thus, if the density of water is 1-gram per cubic centimeter, and 
1-cubic centimeter of basoline weighs .75 grams, then the gasoline 
is said to have a specific gravity of .75. Specific gravity is a 
ratio and is, therefore, represented as a number only. 

41. GYROSCOPE. A relatively heavy circular wheel revolving at 
high speed, and having a characteristic tendency to maintain its 
plane of rotation against disturbing influences. 

42. HANGAR. A shelter for housing aircraft. 

43. HORSEPOWER, ONE. The expenditure of energy necessary to raise 
550 pounds 1 foot in 1 second against the action of gravity. 

44. IMPULSE. A force causing a body to gain or lose momentum. 

45. LANDING GEAR. The under carriage which supports the aircraft 
when in contact with the earth's surface (land or water). 

46. LAND PLANE. An airplane designed to rise and alight on the 
land. 

47. LEADING EDGE. The foremost edge of an airfoil or propeller 
blade. 

48. LIFT. The vertical component of reaction produced by thrusting 
through the air, airfoils inclined upwards and towards the direction 
of motion. 

49. LIFT, MARGIN OF. The measured ability of an airplane to gain 
altitude in a given time under given atmospheric conditions. 

50. LIFT-DRAG RATIO. The ratio of lift to drag. 
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51. LOADING, POWER. The total gross weight, fully loaded, of an 
airplane divided by the normal brake horsepower of the engine. 

52. LOADING, WING. The total gross weight, fully loaded, of an 
airplane divided by the square area of the lifting surfaces. 

53. LONGERON. The name usually applied to the main fore and aft 
construction members of the fuselage. 


54* MANEUVERABILITY. The quality of an aircraft which makes it 
possible for the pilot to change its attitude quickly. 

55. MASS. The mass of a body is a measure of the quantity of 
material in it. 

56. MOMENTUM. The product of the mass and the velocity of a body. 

57. MONOPLANE. An airplane having all of its main lifting surface 
in one wing or in one pair of wings. 

58. NACELLE. An inclosed shelter for passengers or power plant, 
and to which the tail unit is not fixed. 

59. NOSE. The bow of an airplane; usually the front end of the 
fuselage or hull. 

60. NEWTON'S LAWS OF MOTION. 

a. If a body be at motion, it will move uniformly in a 
straight line until acted upon by some force. If at 
rest, it will remain at rest. 

b. The rate of change of the quantity of motion (momentum) 
is proportional to the force which causes it, and 
takes place in the direction of the straight line in 
which the force acts. If a body be acted upon by 
several forces, it will obey each as though the others 
did not exist, and this whether the body be at rest or 
in motion. 

c. To every action there is opposed an equal and opposite 
reaction. 

61. OVER ALL LENGTH. The extreme fore and aft measurement of an 
airplane. 

62. OVERHANG. Usually taken to mean the extension of one wing 
tip beyond the other wing tips on a multiplane. 

63. PANCAKE. To settle rapidly as a result of stalling through lo 
of flying speed. 

64. PANEL. A unit in the wings or fuselage construction, compris¬ 
ing a completely braced section, such as a unit of the wings; in¬ 
cluding wing, struts and bracing. 

65. PAY-LOAD. That part of the load from which revenue is derived 
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66. PILOT. An aircraft operator. 

67.. PITOT TUBE.. A cylindrical tube open at the forward end and 
designed to receive the impact pressure of the air stream. The 
differential pressure between impact pressure and static pressure 
is used to measure air speed. 

68. PLYWOOD. A product obtained by gluing layers of wood 
together usually with the grain at a large angle. 

69. PONTOON. An airplane landing float. 

70. PROPELLER. A surface so shaped that its rotation about an 
axis produces a force (thrust) in the direction of its axis. 

71. PROPELLER THRUST. The pull of the propeller in the forward 
direction of its axis. 

72. PROPELLER TORQUE. The turning moment applied to the propeller 
by the engine shaft. 

73. REACTION. A force, equal and opposite to the force of the 
action producing it. 

74. RIB, FORM. The lighter, form-giving parts, used in airfoil 
construction. 

75. RIB, COMPRESSION. The compression stress bearing ribs in 
the framework of an airfoil. 

76. RIB, FALSE. Short form ribs between the front spar and the 
leading edge, used to improve and maintain the camber of the airfoil. 

77. RIGGING. The assembling, aligning and adjusting of aircraft. 

78. RIGGING POSITION. That position of an airplane when the long¬ 
itudinal axis (usually parallel to propeller axis) is level with 
respect to the ground. 

79. RUDDER. A movable, auxiliary control surface, used to give 
directional control about the vertical axis. 

80. RUDDER BAR. The pilot's foot bar which controls the rudder 
movement. 

81. SEAPLANE. Any airplane designed to rise or alight from the 
water. 

82. SHOCK ABSORBER. A device incorporated in the landing gear of 
aircraft to reduce and absorb the shocks imposed when landing and 
taking off. 

83. SIDE SLIPPING. Flight in which the lateral axis is inclined, 
and the airplane has velocity in the direction of the lower 
extremity of the lateral axis. 
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84 . SKIDDING. Sliding sideways from the center of curvature when 
turning. 

85. SKID, TAIL. A skid used to support the tail of an airplane on 
the ground. 

86. SKID, WING. A skid used to protect the wing tips from contact 
with the ground. 

87. SKID, FIN. A fore-and-aft vertical surface designed to add 
keel surface to an aircraft. 

88. SLIP STREAM. The stream of air driven astern by the propeller. 

89. SPAN. The extreme lateral dimension of an airfoil from wing 
tip to wing tip. 

90. SPEED, GROUND. The horizontal speed of an aircraft relative 
to the ground. 

91. SPEED, LANDING. The minimum speed at which an airplane can be 
landed under adequate control. 

92. SPINNER. Propeller hub fairing of conical shape, revolving with 
the propeller. 

93. STABILITY. That property of a body, which causes it, when dis¬ 
turbed from a condition of equilibrium or steady motion, to develop 
forces or moments which tend to restore the body to its original 
condition. 

94* STABILITY, AUTOMATIC. Stability dependent upon movable control 
surfaces, automatically operated by mechanical means. 

95. STABILITY, INHERENT. Stability of an aircraft due solely to the 
disposition and arrangement of its fixed parts; i.e., that property 
which causes it, when disturbed, to return to its normal attitude of 
flight without the use of controls. 

96. STABILITY, LONGITUDINAL. Stability with reference to disturb¬ 
ances of the lateral axis about the longitudinal axis. 

97. STABILITY, DIRECTIONAL. Stability with reference to rotations 
about the vertical or normal axis. 

98. STABILIZER, HORIZONTAL. A normally fixed auxiliary airfoil 
whose function is to lessen the pitching motion. 

99. STABILIZER, VERTICAL. A vertically fixed auxiliary airfoil 
whose function is to lessen "yawing" effects about the vertical axis. 

100. STAGGER. The amount of advance of the leading edge of a wing 
on a multiplane over the leading edge of the wing next below it, and 
measured when the airplane is in rigging position. 
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101. STALL. The condition of an airplane when, for any cause, it 
has lost the air speed necessary for support or control. 

102. STREAMLINE. The path of fluid relative to a solid body with 
respect to w'hich the fluid is moving. 

103. STREAM FLOW. Smooth or steady flow of fluid past a solid body. 

104. STREAMLINE FORM. A solid body of such shape as to produce 
approximately streamline flow. 

105. STRESS. Burden or load on a member. 

106. STRAIN. A tendency to deformation of a member produced by 
stress. 

107. SPAR. Any relatively long member of a structure. On airplanes 
usually refers to the main span length members of the wrings. 

10S. STRUT. A compression member of a truss frame. 

109. SLIP, PROPELLER. The pitch, less the distance the propeller 
actually advances during one revolution. 

110. SV/EEPBACK. The setting of the leading edge of a wing tip back 
of the leading edge at the center section or tip. 

111. TAXI. To move an airplane about on the land or water under 
its own power. 

112. TAIL-HEAVY. The condition of an aircraft which causes the 
tail to settle when the longitudinal control is released. 

113. TAIL-SLIDE. Losing altitude through sliding backward and down¬ 
ward with the tail first. 

11A. TRIPLANE. An airplane w'hose main lifting surface is divided 
on three wings, one above the other. 

115. TURNBUCKLE. A form of w'ire tightener, consisting of a barrel 
into each end of which is screwed an eye bolt. The tightening or 
loosening effect results, because the threads, in opposite ends of 
the barrel, are right and left-hand. 

116. VENEER. Thin sheets of vraod. 

117. VENTURI TUBE. A tube with fairing ends and a constricted 
intermediate passage, which combines to increase the velocitv of 
fluid flow'. 

118. WARP. To change the form of a wing by twisting it. 

119. WASH IN. Warping of a wing, which results in increasin'* the 
angle of incidence near the w'ing tip. 
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120. WASH-OUT. Warping of a wing, which results in decreasing the 
angle of incidence near the wing tip. 

1<.1. WEIGHT. Is a measure of the force of the earth’s attraction 
(gravity) upon a body. The standard unit of weight in the United 
States is one pound. 

1 ^. 2 . WINDOW, INSPECTION. A small transparent window fitted in the 
wing of an airplane to allow inspection of the interior. 

123. WIND, RELATIVE. The motion of the air with reference to a 
body. 

124. WIND, TUNNEL. A long chamber with a restricted section or 
venturi,/ employing an artificial air stream for model testing. 

125. WING. The main lifting surface of an airplane. 

126. WING-HEAVY. The tendency of a wing to drop when the lateral 
control is released. 

127. WING TRUSS. The framing by which wing shape is preserved, 
and the wing loads are transmitted to the fuselage. The truss in¬ 
cludes struts, wares, cables, tie-rods, and spars. 

128. WIRE. A ware (drawn solid metal ware or woven metal ware) is 
usually named after its function, such as, control wire, landing 
wire, or flying wire. 

129. WIRE, DRAG. Any ware designed primarily to resist drag forces. 

130. WIRE, LANDING. A ware designed to maintain wing truss forma¬ 
tion and to carry the weight of the wings while landing and resting 
on the ground. Landing wares resist the forces opposite to the 
direction of the lift. 

131. WIRE, LIFT (FLYING). A ware which prevents lift forces from 
collapsing wings upward, and transmits the forces of lift in toward 
the fuselage. 

132. WIRE, STAGGER. A v/ire connecting upper and lower wings of an 
airplane, and lying in a plane substantially parallel to the plane 
of symmetry. 

133. WIRE, SAFETY. A wire used to prevent the turning of nuts, 
bolts and turnbuckle barrels. 

134. YAWING. Displacements of the nose of an airplane to the right 
or left about the vertical axis. 
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SECTION A 

The object of the following text is to explain the functions of 
the various charts that permit a short-cut method in solving every¬ 
day problems encountered by the mechanic. This lesson also treats 
with geometry problems, all of which are applicable to aircraft 
sheet metal layout work. The function of the charts is dealt with 
first, as a knowledge of them will assist in many cases, when solv¬ 
ing the geometry section of this lesson. 

"DECIMAL EQUIVALENTS" 

Plate 1 is known as the "decimal equivalents". It gives a table 
of conversions from fractions to decimals. In many cases, tolerances 
much less than a fractional dimension have to be maintained. One in¬ 
stance is in calling for a reamed hole for a 1/4" diameter bolt. The 
dimension specified would be for .250" with a plus tolerance of .005", 
but no minimum tolerance. It can readily be seen that, if decimal 
equations were not resorted to, a close fit between the bolt and 
hole would be impossible. Calling for a 1/4" drilled hole may re¬ 
sult in the hole being too small for the bolt to enter and the next 
fractional size (17/64") would drill too large a hole size. 

"DRILL SIZES" 

To allow an intermediate range of hole sizes between standard 
fractions, a series of drills are used. These come under the heading 
of "letter size" and "number size". Plates Nos. 2 and 3 describe 
these drills, their sizes and decimal equivalents. This range of 
drills is also used where a drilling and reaming operation is called 
for. It is necessary to drill the material smaller than the finished 
dimension so as to allow the reamer to give the specified size. For 
instance, if ream .250" be called for, the drill size to use would be 
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around letter "C". In some cases, possibly 15/64" drill would be 
correct. This would be dependent on the metal to be drilled. Prac¬ 
tice and an understanding of the metal being used will determine the 
correct drill to use. 

Plate No. 4 gives the drill sizes needed for holes that have to 
be tapped or threaded. SAE and USF standards are given. The SAE 
range is the one most commonly used in aircraft. To read the plate 
for any given size of drill, such as 1/4" diameter by 28 threads per 
inch, look down the column marked "tap size", until opposite 1/4". 

The required threads are shown in the "threads per inch" column and 
in the column marked "drill", the drill size is given. In this case, 
it is No. 3. This is the correct size for drilling purposes. 

Plate .5 gives the rules relative to the circle, etc. It may 
not be necessary to memorize them, but you will need to consult the 
chart very often in your work. 

SHOP GEOMETRY 

A knowledge of the elementary problems of geometry is essential 
for sheet metal layout and a clear and correct knowledge of the 
nomenclature used in geometry is needed. It is not our purpose to 
write a complete treatise on geometry, but to supply enough data and 
problems, all of which are involved in aircraft layout, to enable 
the student to grasp the fundamentals of layout work. This, if you 
are so minded, should lead to success in an advanced study of the 
subject involved. 

DEFINITIONS 

A POINT in geometry is a mark of position only, and is not 
supposed to have either shape or magnitude. 
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A LINE has length without breadth, and may be either straight 
or curved. 

A RIGHT LINE is the shortest distance between two points, com¬ 
monly called a straight line. 

A RIGHT ANGLE. When one straight line stands on another straight 
line so as to make the adjacent angles equal (the angles on either 
side of it), each of the angles is called a right angle, and each 
straight line is said to be perpendicular to the other. Figure 1. . 

When one straight line is drawn from a point in another straight 
line, the adjacent angles so formed are together equal to two right 
angles, or 180 degrees. That is, the total sum of all the angles 
on one side of a right line mail always equal 180 degrees. Figure 2. 

PARALLEL LINES are the same distance apart, and cannot meet, no 
matter how far they may be produced. Figure 3. 

An oblique line is neither horizontal nor vertical. Figure 4. 

AN ANGLE is the inclination of each other of two straight lines 
which meet together. 

AN ACUTE ANGLE is less than a right angle. Figure 5. 

AN OBTUSE ANGLE is greater than a right angle. Figure 6. 

A TRIANGLE is a figure contained, or enclosed, by three straight 
lines. The side it stands upon is called its BASE, the point where 
the other two sides meet is called its VERTEX, or APEX. The 
PERPENDICULAR HEIGHT from the base to the vertex, whether within or 
without the figure, is called the ALTITUDE. Figure 7. 

AN EQUILATERAL TRIANGLE has three equal sides, and all its angles 
equal. Figure 8. 

AN ISOSCELES TRIANGLE has two of its sides equal. Figure 9. 
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A SCALENE TRIANGLE has three unequal sides. Figure 10. 

A RIGHT ANGLED TRIANGLE has one of its angles a right angle. The 
side opposite the right angle is called the hypothenuse. Figure 11. 

A SQUARE has all its angles equal and all its angles right angles 
ana all its lines are equal. The straight line joining the opposite 
corners of the square is called the diagonal. Figure 12. 

A RECTANGLE OR OBLONG has its opposite sides equal and its angles 
right angles. Figure 13. 

A PARALLELOGRAM is a four-sided figure, in which the opposite 
sides are parallel. (The square, rectangle, rhombus, and rhomboid.) 

A RHOMBUS is a parallelogram with equal sides, but angles not 
right angles. (Commonly called a diamond.) Figure 15. 

A RHOMBOID has its opposite sides equal, but its angles are not 
right angles. Figure 14 and 15. 

A TRAPEZOID has only two sides parallel. Figure 16. 

A TRAPEZIUM has none of its sides parallel, but may have two of 
the same length. Figure 17. 

All the four angles of any quadrilateral figure (four-sided 
figure) added together, must always equal 360 degrees or four right 
angles. Figure 18. 

A CIRCLE is a plain figure contained by one curved line called 
the CIRCUMFERENCE and is such that all straight lines drawn from a 
certain point within the figure to the circumference are equal. This 
point is called the center of the circle. Figure 19. 

THE DIAMETER of a Circle is a straight line drawn through its 
center and terminating at the circumference. 

THE RADIUS is half the diameter. 
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A SEGMENT of a Circle is a figure bounded by an arc and its 
chord. Figure 20. 

A SECTOR of a Circle is a figure bounded by two radii and the 
arc cut off by them. Figure 20. 

THE CIRCUMFERENCE OF A CIRCLE IS DIVIDED INTO 360 DEGREES, and 
when radii are drawn from the center of the circle to the circumfer¬ 
ence enclosing any number of degrees, the angle which is formed is 
said to be that number of degrees. Figure 21. 

When Circles are CONCENTRIC, they are marked from the same 
center; when eccentric, from different centers. Figure 22. 

PROBLEMS 

TO BISECT A GIVEN LINE: Let A B be the given line and C the given 
point. Mark off an equal distance on either side of C. Then with 
these two points as center and any radius, describe arcs touching 
each other above and below C. Draw through the arcs. This is also 
the method of erecting a perpendicular upon a given line. Figure 1. 

GENERAL RULE FOR BISECTING ANGLES, CURVES, LINES, ETC: With 
the point through which the line has to pass or to meet, as center, 
and the compasses set to any radius, mark off an equal distance on 
either side. Then, with any radius and these points as centers, de¬ 
scribe arcs. Join through the arcs and the point of intersection. 

See Figures 1 to 6. 

TO FIND THE RADIUS OF A CIRCLE OF WHICH AN ARC IS A PORTION: 

Take any three points on the arc, bisect them, and where the lines 
meet is the center of the circle. Figure 7. 

Likewise, to draw an arc of a circle through any three given 
points. Figure 7. 
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TO MAKE AN ANGLE EQUAL TO ANOTHER GIVEN ANGLE: With the compasses 
set to the same radius, mark off an arc on the angle and the given 
line, as A B, then take off the length B C on to B C. Draw through, 
and the angle ABC will be similar. Figures 3, 8a and 8b. 

’’All angles in a semi-circle from the extremities of the diameter 
to the circumference are right angles.” (Euclid 111.) Figure 9. 

This is a very simple statement, but the fact may be put to a 
great many uses in geometry. 

TO DESCRIBE A CIRCLE BY MEANS OF A SQUARE: Drive two pins in a 
board at a distance apart equal to the diameter of the circle re¬ 
quired. Place the angle of the square between them, and trace the 
point whilst passing the square around, afterwards turning the square 
over to do the other half of the circle. This in itself proves the 
statement. See Figure 9. 

TO ERECT A PERPENDICULAR AT THE END OF A LINE, BOARD OR PLATE: 

Take any point A, approximately opposite the corner B, but at any 
distance from it. Join A B, and with A as center and A B as radius, 
describe an arc, touching the line C B and produced beyond D. Now 
join through the point E and the center A to D. Join D B, and this - 
will be the perpendicular required. Figure 11. 

TO DRAW AN ARC OF A CIRCLE THROUGH ANY THREE GIVEN POINTS by 
means of a jointed batten or similar instrument: Place two pins in 
the position of the two outer points, or if this is not possible, two 
heavy blocks with their corners as shown. Now form the jointed bat¬ 
ten to the angle formed by the three points, and placing a pencil 
point in the vertex at A, work the batten gradually round, keeping its 
extremities against the pins or blocks, and the pencil in the angle. 
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and a true curve will be described. 

Each leg of the batten requires to be longer than the distance 
between the two widest points. Figure 12. 

TO DIVIDE A LINE INTO ANY NUMBER OF EQUAL PARTS or to divide a 
line proportionately to another given line, or to draw a scale: Let 
A B be the given line, it is required to divide it into seven equal 
parts. From the point A take any line A C, mark seven equal divi¬ 
sions of any width on A C. Join 7 to B, and draw similar parallel 
lines from 6, 5, 4> etc., and A B will have been divided into seven 
equal parts. Figure 13. 

Figure 14 show r s a line divided proportionately to another given 

line. 

The same method is employed to obtain a scale for measuring 
Drawings, Plans, etc., as shown in Figure 15, where 3 in. represents 
1 ft., or quarter full size. 


THE ELLIPSE 

TO DESCRIBE AN ELLIPSE BY MEANS OF A PIECE OF STRING: Let A B 
be the major (or larger) axis, C D the minor (smaller or less). 

Erect a perpendicular at C the center of A B, and make each side 
equal to one half the minor axis C D. With only half A B as radius 
and C as center, describe arcs cutting A B at F F. These are the 
foci parts of the Ellipse. Insert a pin at C, and also at F and F. 
Nov. r place a piece of string around them and tie it, forming a tri¬ 
angle. Remove the pin C and replace it by a pencil, with which trace 
the curve, allowing the pencil to be guided by the string, but not 
pulling the string too tightly. Figure 16. 

TO DESCRIBE AN ELLIPSE BY MEANS OF A TRAMMEL: Having taken two 
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lines at right angles, measure from the center C one half the major 
and minor axis, or their respective sides. Now take a strip of 
wood or paper, cut one end as shown, and mark on the strip one half 
the major and one half the minor axis. Now place the strip in suc¬ 
cessive positions with the marks always on the major and minor axis, 

and mark the point. Continue till the full ellipse is in, and then 
draw in a fair curve. Figure 17. 

TO DRAW AN OVAL OR FALSE ELLIPSE BY MEANS OF COMPASSES: Make 
A B and C D perpendicular to each other, and mark off on either side 
of the center one half of the major and minor axis respectively. 

Then with the radius C D and center B, cut the major axis at E. 
Divide the distance E A into three equal parts. Set the compasses 
to two of these points, and with center F cut an arc in A B on each 

side of F at G and H. Then with G H as radius and first G and then 

H as center, describe arcs cutting and meeting in K. Draw lines 
through K, H, K, G, as shown. These are the separating lines of 
the several arcs. Then with K, K, G, and H as centers, and with 
K, D, K, C, H, A, G, B, as radius respectively, describe the arcs 
to complete the figure. Figure 13. 

TO DESCRIBE A TRIANGLE HAVING THE LENGTH OF THE THREE SIDES 
GIVEN: Let A B and C be the length of the three sides respectively. 
(Figure 19) Make the base line A B equal to the length of one of 
them, say C. Now set the compasses to the length of the line A, and 
from the end of the line C, describe an arc at D. Then with the 
compasses set to the other line B. Cut the arc at D. Join A D B. 
Then the triangle will be constructed, having sides equal to the 
lengths A B and C. 
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TO REPRODUCE WITH EXACTNESS ANY IRREGULAR FIGURE: - Such as the 
figure 20. First divide it into triangles (figure 19), then set down 
one triangle, and afterwards add the others till the figure is com¬ 
pleted, carefully numbering them so as to avoid mistakes. 

TO REPRODUCE A FIGURE ALONGSIDE OF OR IN CONTACT WITH THE FIGURE: 
Let the figure 21 represent one side of the frustum of a square pyramid 
It is required to add another side to it, to make one half of the com¬ 
plete frustum. Draw in a diagonal to convert it into triangles. With 
A as center sweep the length of the diagonal round, as shown; with 
center B sweep the width of the top round to meet the other curve at 
C. Join B C and C A. With center A, sweep A D round. Then set the 
compasses to the length E D, and with C as center cut the arc at F. 

Join A F, F C to complete. 

TO DIVIDE A SEMI-CIRCLE INTO 6 EQUAL PARTS: - Figure 22. Construct 
the semi-circle on a base line, and draw a line at right angles to the 
center. Then with the compasses still set to the same radius as used 
to describe the semi-circle and with each quarter mark as center, de¬ 
scribe arcs in the circumference, and the semi-circle will be divided 
into six equal parts. This is based on the fact that the radius of a 
circle will step round the circumference exactly six times; and the 
quarter circle mark being the center of one of these portions, each di¬ 
vision taken from these sub-divides each division again. 

TO DIVIDE A LINE INTO 12 EQUAL PARTS:- Figure 23. First put in 
the center mark. Then divide each side of this, making four divisions. 
Divide one division into three (two marks), and setting the compasses 
to one of these divisions, step off on each side of each mark. This 
will be found near enough for the majority of patterns. 


-9- 


Plate 1 


DECIMAL EQUIVALENTS 

in .0156 

£.2656 

£.5156 

8 .7656 

£.0312 

£.2812 

£.5312 

8.7812 

i .0460 

£ .2968 

£ .5468 

8 .7968 

A .0625 

A .3125 

A .5625 

A .8125 

A. 0781 

f, .3281 

£.5781 

H.628I 

£.0937 

£ .3437 

£.5937 

8 .8437 

n.1093 

£.3593 

£.6093 

£.8593 

t .125 

i .375 

I .625 

I .875 

£.1406 

£.3906 

£.6406 

£ .8906 

£.1562 

£.4062 

£ .6562 

8.9062 

£.1718 

£.4218 

£.6718 

£.9218 

A .1875 

A .4375 

Is .6875 

A .9375 

£.2031 

1.4531 

£.7031 

£.9531 

£.2187 

£ .4687 

1.7187 

1.9687 

£.2343 

£.4843 

£ .7343 

£.9843 

1 .25 

1 .5 

A .75 

1 1.0 







Plate 2 

Decimal Equivalentof the Numbers 
of Twist Drill and Steel 
Wire Gage 


No. 

Size of 
No. in 
Decimals 

No. 

Size of 
No. in 
Decimals 

No. 

Size of 
No. in 
Decimals 

No. 

Size of 
No. in 
Decimals 

No. 

Size of 
No. in 
Decimals 

1 

.2280 

17 

.1730 

33 

.1130 

49 

.0730 

65 

.0350 

2 

.2210 

18 

.1695 

34 

.1110 

50 

.0700 

66 

.0330 

3 

.2130 

19 

.1660 

35 

.1100 

51 

.0670 

67 

.0320 

4 

.2090 

20 

.1610 

36 

.1065 

52 

.0635 

68 

.0310 

5 

.2055 

21 

.1590 

37 

.1040 

53 

.0595 

69 

.0292 

6 

.2040 

22 

.1570 

38 

.1015 

54 

.0550 

70 

.0280 

7 

.2010 

23 

.1540 

39 

.0995 

55 

.0520 

71 

.0260 

8 

.1990 

24 

.1520 

40 

.0980 

56 

.0465 

72 

.0250 

9 

.1960 

25 

.1495 

41 

.0960 

57 

.0430 

73 

.0240 

10 

.1935 

26 

.1470 

42 

.0935 

58 

.0420 

74 

.0225 

11 

.1910 

27 

.1440 

43 

.0890 

59 

.0410 

75 

.0210 

12 

.1890 

28 

.1405 

44 

.0860 

60 

.0400 

76 

.0200 

13 

.1850 

29 

.1360 

45 

.0820 

61 

.0390 

77 

.0180 

14 

.1820 

30 

.1285 

46 

.0810 

62 

.0380 

78 

.0160 

15 

.1800 

31 

.1200 

47 

.0785 

63 

.0370 

79 

.0145 

16 

.1770 

32 

.1160 

48 

.0760 

64 

.0360 

80 

.0135 




























Plate 3 

Letter Sizes of Drills 


Diameter 

Inches 

Decimals 
of 1 Inch 

A 1^64 

.234 

B 

.238 

C 

.242 

D 

.246 

E 'A 

.250 

F 

.257 

G 

.261 

H 17/64 

.266 

I 

.272 

J 

.277 

K 9 /s2 

.281 

L 

.290 

M 19/64 

.295 


Diameter 

Inches 

Decimals 
of 1 Inch 

N 

.302 

O «/i® 

.316 

P 21 /64 

.323 

Q 

.332 

R 11 /32 

.339 

s 

.348 

T 2S/ 64 

.358 

u 

.368 

v Vs 

.377 

W 25/ 64 

.386 

X 

.397 

CO 

rH 

.404 

Z 

.413 















Plate 4 


TAP DRILL SIZES—75% Depth Thread 
U. S. F. and S. A. E. Standard 


Tap 

Size 

Thds 

per" 

Diam. 

Hole 

Drill 

Tap 

Size 

Thds 

per" 

Diam. 

Hole 

Drill 

Tap 

Size 

Thds 

per" 

Diam. 

Hole 

Drill 

He 

72 

.049 

% 

34 

32 

.220 

Hi 

Vs 

*14 

.805 

l He 

t He 

64 

.047 

% 

34 

*28 

.215 

3 

Vs 

12 

.794 

5 34 

He 

60 

.046 

56 

34 

27 

.214 

3 

t Vs 

9 

.767 

4 Hi 

Hi 

72 

.065 

52 

34 

24 

.209 

4 

l He 

12 

.856 

5 Hi 

Hi 

64 

.063 

He 

134 

20 

.201 

7 

t 15 He 

9 

.829 

1 Ha 

t Hi 

60 

.062 

He 

He 

32 

.282 

% 

1 

27 

.964 

3 Hi 

Hi 

56 

.061 

53 

He 

27 

.276 

J 

1 

*14 

.930 

15 He 

Hi 

60 

.077 

Hi 

He 

*24 

.272 

I 

1 

12 

.919 

h Hi 

Hi 

56 

.076 

48 

He 

20 

.264 

l Hi 

n 

8 

.878 

Vs 


50 

.074 

49 

t«5 

18 

.258 

F 

1 He 

8 

.941 

15 He 

Hi 

48 

.073 

49 

Vs 

27 

.339 

R 

134 

*12 

1.044 

IHt 

Hi 

56 

.092 

42 

Vs 

*24 

.334 

Q 

ny 8 

7 

.986 

*Hi 

% 

50 

.090 

43 

Vs 

20 

.326 

2 Hi 

m 

7 

1.048 

m 

t Hi 

48 

.089 

43 

t Vs 

16 

.314 

He 

134 

*12 

1.169 

VHi 

Vs 

48 

.105 

36 

He 

27 

.401 

Y 

U 34 

7 

1.111 

l Hi 

t Vs 

40 

.101 

38 

He 

24 

.397 

X 

1 He 

7 

1.173 

VHi 

Ys 

36 

.098 

40 

He 

*20 

.389 

2 Hi 

lVs 

*12 

1.294 

VHi 

Vs 

32 

.095 

Hi 

t He 

14 

.368 

U 

nvs 

6 

1.213 

V/i 2 

t Hi 

40 

.116 

32 

34 

27 

.464 

% 

134 

*12 

1.419 

VHi 

Hi 

36 

.114 

33 

34 

24 

.460 


ti34 

6 

1.338 

VHi 

Hi 

32 

.110 

35 

34 

*20 

.451 

% 

nvs 

534 

1.448 

VHi 

Hi 

40 

.132 

30 

t 34 

13 

.425 

% 

nv 

5 

1 555 

1 He 

t Hi 

36 

.129 

30 

34 

12 

.419 

2 Hi 

nvs 

5 

1.680 

VHe 

Hi 

32 

.126 

Vs 

He 

27 

.526 

17 Hi 

f2 

434 

1.783 

VHi 

l Hi 

36 

.145 

27 

He 

*18 

.508 

s Hi 

t234 

434 

1.909 

VHi 

m 

32 

.141 

Hi 

t He 

12 

.481 

s Hi 

‘t234 

434 

2.034 

2Hi 

He 

36 

.161 

20 

Vs 

27 

.589 

1 Hi 

f2Vs 

4 

2.131 

234 

He 

32 

.157 

22 

Vs 

*18 

.571 

3 Hi 

f234 

4 

2.256 

234 

He 

30 

.155 

23 

Vs 

12 

.544 

3 Hi 

f2Vs 

4 

2.381 

234 

t He 

24 

.147 

26 

t Vs 

11 

.536 

17 Hi 

f2V 

4 

2.506 

234 

18 Hi 

32 

.173 

17 

l He 

*16 

.627 

Vs 

f2Vs 

3V 2 

2.597 

2 19 /4 

13 Hi 

30 

.171 

l Hi 

We 

11 

.599 

19 Hi 

t3 

334 

2.722 

2% 

VHi 

24 

.163 

20 

% 

27 

.714 

2 Hi 

t334 

334 

2.847 

2 27 Hi 

Hi 

32 

.188 

12 

V 

*16 

.689 

% 

f334 

334 

2.972 

2 3 Hi 

Hi 

28 

.184 

13 

Vi 

12 

.669 

4 ¥4 

f334 

334 

3.075 

3He 

t Hi 

24 

.178 

16 

t Vi 

10 

.653 

2 Hi 

f334 

334 

3.200 

3 He 

l Hi 

32 

.204 

6 

l He 

12 

.731 

47 Hi 

f3Vs 

334 

3.325 

3 He 

l Hi 

28 

.200 

8 

We 

10 

.715 

2 Hi 

f334 

3 

3.425 

3 He 

m 

24 

.194 

10 

Vs 

27 

.839 

27 Hi 

fSVs 

3 

3.550 

3 He 



# 


Vs 

*18 

.821 

5 Hi 

t4 

3 

3.675 

3 l He 


*S. A. E. Standard 


fU. S. Standard 































Plate 5 

Rules Relative to the Circle, etc. 


To Find Circumference— 

Multiply diameter by 3.1416 
Or divide “ “ 0.3183 

To Find Diameter— 

Multiply circumference by 0.3183 
Or divide “ “3.1416 

To Find Radius— 

Multiply circumference by 0.15915 
Or divide “ “ 6.28318 

To Find Side of an Inscribed Square— 

Multiply diameter by 0.7071 

Or multiply circumference by 0.2251 

“ divide “ “ 4.4428 

To Find Side of an Equal Square— 

Multiply diameter by 0.8862 

Or divide “ “ 1.1284 

“ multiply circumference by 0.2821 

“ divide “ " 3.545 

SQUARE— 

A side multiplied by 1.4142 equals diameter of its circumscribing circle. 

A side multiplied by 4.443 equals circumference of its circumscribing circle. 

A side multiplied by 1.128 equals diameter of an equal circle. 

A side multiplied by 3.547 equals circumference of an equal circle. 

Square inches multiplied by 1.273 equal circle inches of an equal circle. 

To Find the Area of a Circle — 

Multiply circumference by one-quarter of the diameter. 

Or “ the square of diameter by 0.7854 
“ “ “ “ circumference “ .07958 

“ “ “ “ 3 'i diameter “ 3.1416 

To Find the Surface of a Sphere or Globe— 

Multiply the diameter by the circumference. 

Or “ “ square of diameter by 3.1416 

" " four times the square of radius “ 3.1416 

To Find the Weight of Brass and Copper Sheets, Rods and Bars— 

Ascertain the number of cubic inches in piece and multiply same by weight per 
cubic inch. 

Brass, 0.2972. 

Copper, 0.3212. 

Or multiply the length by the breadth (in feet) and product by weight in pounds 

per square foot. 
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SHOP CALCULATIONS 


SECTION B 

"BEND ALLOWANCE CHART" 

A typical problem is that of figuring the amount of material re¬ 
quired to bend around a radius when making such parts as angles and 
channels. 

Plate 1 sho?;s such an angle. A 1/4" inside radius is required 
and a material thickness of .064. The method of solving this calls 
for the use of the empirical formula expressed: 

.01743R plus . 007S T = 1° of bend. Multiply this by the number of 
degrees required. This will give the full amount of material required 
for the bend. Thus, for a 90° bend, we have .0048.6 (as the value for 
1°) x 90° - .042945 or, approximately 27/64". All that is needed is 
to add to this sum the amount of flat material on each side of the 
angle to obtain the developed width of the angle. These values can be 
more easily obtained by the use of the "bend allowance" chart. This 
chart, plate No. 6, was developed for a quick, accurate check and is 
now universally used. The chart shown gives values for steel and alum¬ 
inum gauges. 

There is a difference in the thickness of aluminum alloy and steel 
for any given gauge. Plate No. 7 gives the thickness for all gauge 
sizes for different materials. 20 gauge in aluminum is equal to .0320 
of an inch; while for sheet steel, .035 of an inch is the value given. 
Aluminum alloy and sheet steel are the only materials you need to be 
concerned with. 

A glance at the bend allowance chart shows that it consists of 
14 columns of various gauges of material, which are designated by the 
letter "S" for steel and letter "D" for aluminum and its alloys. In 
the left-hand column are graduations of radii, "R", in 1/32 increments 
up to 1". 
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SECTION B 

Let us take, as an example in using this table, a piece of metal 
.064 gauge aluminum alloy and we need to find the amount of metal to 
allow for a bend of 63° around a 1/4" radius. V/e select the column 
marked D .064 and run down its length until we are opposite 1/4” 
radius, "R", in the column to the left. We find the number at this 
point to be .00486. This value is for a bend of 1°. Then all v/e have 
to do is to multiply by 63, the number of degrees in the required bend, 
as follows: .00436 x 63 = .30618, or 5/16" as the amount of material t< 
allow for the bend. 

"LAYOUT PROBLEMS" 

Plate No. 2 explains the layout of the frustum of a cone. Given 
the true height and the diameters of the top and bottom, first draw a 
view of the elevation. Continue with the side lines until they bisect 
the center line. With this point as the center, set the dividers at 
either of the top corners, and describe an arc. Repeat at the bottom. 
Then, with the dividers set at the radius of the top diameter, describe 
a circle to represent a plan view. Divide this into 24 equal spaces. 
With the dividers set at one of these spaces, step off 24 of these di¬ 
visions on the large described arc. This gives the required circumfer¬ 
ence. Draw a line from the last division point to the center and a 
complete template is thus obtained. 

Plate No. 3 describes an airfoil section, a representative air¬ 
craft layout problem. First draw a base line. This is called the 
reference line. Step off the chord ordinates along this line. These 
ordinates are given in the first column of dimensions. Erect vertical 
lines to the reference line at each of these points. Next describe 
the leading edge radius. Then set the dividers at the dimension given 
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SECTION B 

for the first upper ordinate and describe an arc on the vertical line 
at the corresponding chord ordinate. Repeat this all along the chord, 
setting the dividers at the required dimension in each case. Repeat 
the process for the lower ordinates, using the dimensions given for the 
lower section. When all dimensions have been laid down, use a spline 
to produce the contour. This line in each case must intersect the 
vertical lines at the point of the described arc. 

Plate No. 4 shows a layout of another type of airfoil section used 
for the Eppenarge group. Unlike an airfoil for a wing panel, tail sur¬ 
face sections are always symmetrical about their center line. Thus, the 
opposite upper and lower ordinates are equal to one another. Lay this 
section out, using similar methods as those used for the airfoil sectior. 
shown on plate 3. 

Plate No. 5 describes a transverse frame used in the monocoque 
type of fuselage. It is semi-elliptical in shape. First, establish 
a vertical center line. The ordinates given are those for the outer 
profile. When the outer and inner profile lines are established, it 
will be necessary to compute the amount of material needed for the 
developed cross sectional width of the frame as shown. Using the "Set 
back" chart for this purpose, add to the template the flange dimension 
to complete the layout. 

"SET BACK CHART" 

We have seen how the bend allowance chart aids in quickly deter¬ 
mining the amount of material required for any given bend. It is, how¬ 
ever, limited in its use and can only function when the dimensions are 
given in the same manner as described in plate 1. 

Plate 8 deals with a different set of conditions. Here the 
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dimensions are given to the mold or contour line. With a 90 bend, it 
would still be a simple problem to solve by using the bend allowance 
chart, but with a closed or open angle, as shown in plcte 9, it is of 
no use. An accurate drawing of the part would have to be made to find 
the radius point in relation to the flange dimensions before being 
able to take advantage of the chart. To eliminate the necessity of 
such work, we have recourse to the "set back" chart for problems of 
this kind. As will be seen on the chart, the bevel is given in 
increments of 5° for both open and closed angles. Any odd number 
of degrees between these increments can be easily figured by a di¬ 
vision of the space between the two adjacent degree lines. 

Plate 9 gives an example of open and closed angles and the develop¬ 
ment of templates by the use of said chart. In checking over the lay¬ 
out of the open angle, for example, the first thing that is laid out is 
the 2" flange dimension. Then, by the use of the set back chart, the 
actual set back value is found. This is deducted from the 2" dimen¬ 
sion and to the remaining sum is added the opposite flange dimension 
for the total amount of material required for the developed template. 
The same method is used for open or closed bevels or for an angle at 
90°. To use the set back chart, the gauge of the material, the amount 
of "bevel" and the radius of the bend are required. "Bevel equals the 
number of degrees over 90° for a closed angle and the number of degrees 
less than 90° for an open bevel." The set back chart illustrates these 
two bevels. The two examples on plate No. 9 show the bevel for the 
open angle is 90° less 60° ^ 30° bevel. For the closed bevel, 90° less 

30° = 60° bevel. 
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"USE OF SET BACK CHART" 

To find set back dimensions of the open angle, as shown on plate 
No. 9, with a bevel of 30°, a material thickness of . 040 and 5/16" 
radius, set a straight edge at the 5/l6"R mark on the top side of the 
chart and at the .040 mark at the bottom, the point of intersection witf 
the straight edge and the 30° open bevel line will give us the set back 
value—in this case, .062 - 1/16". Thus, we get the developed width of 
the angle as 2" + 1-1/2" - 1/16" = 3-7/16". 

Plate 10 is another layout problem, which calls for the use of 
the set back chart. The ordinates given are to the profile lines of an 
airfoil section and are the only dimensions that could be given in a 
detail of this kind. The use of the set back chart then becomes a 
necessity. The material used in this case is . 064 . Lay out a similar 
template, using the same dimensions, but calling for .125 material. 

NOTE: The rule to follow in all cases when using the set-back 

chart is: Subtract the value given on the chart from the sum total of 
dimensions of the flanges to find the developed width. Remember this 
and mistakes will never occur. 

Plate 11 describes a type of clamp that has a wide application in 
aircraft assembly work. It is used to support fuel lines and conduit 
for radio wiring, etc. Check the dimensions to see if any mistakes 
have been made in the developed template. Use the bend allowance chart 
for checking all radii. Write a description on how you would fabricate 
this clamp, giving the sequence of operations. 

Plate 12 shows the front and side views of a typical elbow piece, 
rectangular in section. It is part of the ammunition chute of a machine 
gun installation. This type of assembly has to be made from hard 
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stainless steel to resist wear as the empty shells are ejected from the 
gun. The necessary templates for the assembly are shown. Develop thesi 
templates to the dimensions given and, also, specify the length of wire 
needed for the wire bead. 

NOTE: In making allowances for material for the wire bead, a 
simple rule to follow is: Add 2-1/2 times the diameter of the wire in 
material to the mold line dimension. This will prove close enough in 
all cases. 

Plate 13 gives the dimensions for an oil or fuel tank. Aluminum 
S-Hoy of /cS, 3S, or 52S composition would be the correct material for 
this type of tank. Lay out an accurate template for the ends. Find 
the number of degrees in both segments and, from this, compute the 
material required for the shell. Use the bend allowance chart for this 
purpose. 

Chart No. 14 is a test of skill with the use of the bend allowance 
chart. An accurate layout as shown is needed to find the number of 
degrees in each bend. All the necessary dimensions are given. Develop 
a flat template showing the dimensions for the amount of material needed 
for each bend. 

Chart 15 is another example of a layout problem common to air¬ 
craft. Front and side views are shown and complete dimensions neces¬ 
sary for this layout. Either the set back chart or bend allowance 
chart could be used with this layout. The vertical and horizontal 
center lines are first laid down and from these two lines the flat 
template is developed. Note the remarks shown on the layout, regard¬ 
ing instructions for direction of bends, etc. This system is general¬ 
ly used by the layout department to convey necessary information to 
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the department fabricating the part. The directions are generally- 
stamped on the template by the use of steel letter stamps. The 
sequence of operations when fabricating are left to the discretion 
of the mechanic. He, in turn, is governed by the kinds and quality 
of the tools and machinery at his disposal. With the tools and 
machinery in this School at your disposal, give the sequence of 
operations necessary for fabricating this layout. 
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Plate 4 
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Plate 6 







Bend Allowance For 1° 


.00126.00131 .00135.00156 .00110 .00117.00119.00150.00160.00180 90183 .00205 .00209.00255 
.00180.00185.00188 .00191 .00195 .00202 .00203.0021$ .00211.00231.002 38 .00257 00263 .00303 
.00235 .00210 .00243.00245/00249 .00256.00258 .00268 .00269.00289 .00292 .00311 .00317 .00361 
.00290.00291.00297.00300.0030 4 mil Mill .00321 .00323.00343 .003% .00366.00372.00118 
.00311.00319 .00352.00354.00330.00365 .00267.00377 .00278 .00338 jOm DQ120.00126 80173 
00398 00403.00406 J00103 .00112.00119 .00121 .00431 .00152 90152.00155.00175.00181.00527 
.90151 .00458.00461.00463.00467 .00474 90176 .00486.00487 .00507 .00510 .00529.00535.00582 
.00507.00512.00515 .00517.00521 90 528 .00530 90510 .00541 .90561 .00561.00581 .00590.00636 
.00561.00567.00570 90572.00576.0058390581.90535905% .00616 006/9 .00638 00644 M9l 
.00616.00620 .00624 .00626 .00630.00637.00633 9061990650 90670 .00673 .00693.00699.00745 
90671 .00675 90673.00681 M 685.00692.00693 90701 90705 90725 90728 .00717.00753 00800 
90725 .00730 .00733 .00735 90739.00746 90748 .00758 90753.00779 90782.00802 .00808 90851 
00780 9078190787 .00790.00791.00801 .00802.00012 .00813.00831 908$? .00856 JWfrl 90308 
00831.00833 .00642 90844.00818.00655 90857.00867 90868 .00888 .0091 90911 .00917.00963 
00889.0089$.00896.00899.0090390910 00911.00921.00922.0091$ $0946 .00965.0097/ .0/0/7 
00913.00948.00951.00953 .00957.00964.00366 .00376 .00977$0937.01000 .01019 .01025.01072 
90998.01002.01005 .01006 .01012 . 0101 3 .0/020 .0/030 .0/03/^1/05/ .01055.01074 .01060.01126 
.0 1051 .0105591058 .0/061 .0/065 .01072 .0/073 .0/083 91081.01005 .01108 .01127 .01/33 .0//79 
0 1107 .OJUI^.OIIH .01117 .01121 .01128 .Oil 23.0JI39 .01140 .0/160 .0/16/ .01183 .01189 .01235 
01/6/ 01/66 .0/170 .01171 .0//75 .01182 .01183 .01193.01194 .01214 .01218 .01237.0/245.0/289 
.01216 .01220.01223 .0/Z26 .01230 .01237 .01238.01248.01243.01269.01272 .0/292.0/238 .01344 
.01263 .01273.01276 .0/273 .01283.01290 .0/291 .0(301.0/302 .0/322 .01326 .01315.0135/ .0/397 
.01324.01323.01332 .01335.0/338.01345.01547 .01357.01358.01378 .0138/ .0/40/ .0/407 91153 
.01378 .01383 .01386.0/389.0/392 .01399 01401 .01111 jOI412 .01432 .0/435 .0/165.0146/ .0/507 
.01433 .01438.01141 .0m* .01447.01454 .01456.01466 .0/467 .0/487 .01196 .0/510 .0/5/6 .0/562 
0/187.0/19/ .01494.0/497 .0/501 .0/508 .0/503.0/519 .01520 .01510 .0/543.01563 .01669 .01615 
.01542.01548.01550.01552.01556.0/563.01565 91575.01576 .0/596 .01599.01619 .0/625.0/67/ 
.01596.01601.01604 91606.01610 .0)617 -0/6/9 .0/629 .01630.0/650 .0/653.0/673 91679.01727 
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BLUE-PRINT READING 
SECTION A 

WORKING DRAWINGS AND BLUE-PRINTS 

Preface : 

The following text is devoted to one of the most important phases 
of the school curriculum. Before a student is graduated, he must 
demonstrate a thorough knowledge of blue-prints, how they are pro¬ 
duced and their uses as applied to the aircraft industry. The blue¬ 
prints used in this school are of the same general form and the in¬ 
formation shown thereon is in accordance with the methods used in any 
of the modern aircraft factories. The problems involved may at first 
seem complicated to the student, but in combination with practical 
shop application, the mysteries of blue-print reading will offer no 
difficulties to the student after graduation. 

It is the aim of this text to aid the student in acquiring the 
technical knowledge necessary for the reading of working drawings in 
general and with special application to the aircraft industry. 

Importance of Blue-Print Reading : 

On the Application for Employment form used by most large aircraft 
factories there is a question which must be answered by every appli¬ 
cant for any kind of a manufacturing position. This question is, "Can 
you read Blue-Prints?” And the answer must be ”Yes” or ”No". If the 
applicant must answer ”No” to this question, there is little chance 
of his obtaining any kind of a job other than that of an ordinary 
laborer or, at best, a helper to a mechanic in some one of the fabri¬ 
cation departments. An untruthful answer means only a period of em¬ 
ployment lasting until a blue-print is presented to the man who believes 
he can ”get by” on a bluff. 

If, however, the applicant can honestly answer "Yes” to the 
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BLUE-PRINT READING 
question, he is putting himself on record as being able to correctly 
interpret the instructions for the manufacture or assembly of parts 
given to him in the form of a blue-print copy of a working drawing. 
This does not mean being able to read words, phrases or sentences 
appearing on the piece of paper which may be blue or a number of 
other colors. 

To be able to read a blue-print, the mechanic must have the tech 
nical knowledge of how drawings are made, the meaning of the symbols 
used, the sign language of the lines used, and how to obtain a true 
mental picture of the part to be made from the relation of the dif¬ 
ferent views of the part appearing on the print. The fundamentals of 
working drawings are more or less standardized throughout the manu¬ 
facturing industries, with only such variations as are required by 
specialized applications. 

Outline of Drafting Room Procedure: 

It is essential for the mechanic to have some knowledge of the 
work which must be accomplished in the drafting room before the blue 
print he receives with his work order can be delivered to him. Fur 
example, let us say that the officers of an aircraft company have 
decided to design and build an airplane of a certain size or type. 

The Chief Engineer will decide the general size of airplane, the 
number of engines to be used, the speed and range desired, and the 
materials to be used. From this information, and perhaps from rough 
sketches, the aerodynamics designers will work out the exact size, 
shape and placement of the different elements of the airplane, mak¬ 
ing such drawings as are necessary to indicate and check clearances. 
The stress department now determines the loads in each member of the 
structure, working on assumptions of the weights of the different 
parts. From these given loads, designers determine the size, shape 
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BLUE-PRINT READING 
and material of the different units, making accurate layouts to check 
proper mating and clearances of the different parts of the airplane. 
These layouts are now given to details who make working drawings of 
all detail parts and assembly drawings showing how the detail parts 
are attached together to make up the major units of the airplane. 

These drawings are generally made with pencil on tracing or translu¬ 
cent paper, and may be traced later in ink on translucent linen called 
tracing cloth. These drawings are next checked for the correctness of 
all information given, and such data as bills of materials, detail 
and group weights, and part lists, are compiled as necessary. Blue¬ 
prints are now made from the tracings and forwarded to the shop for 
the fabrication of the desired parts. It is seen, therefore, that a 
blue-print is simply a medium which the engineer uses to convey in¬ 
formation for the manufacture of a part in accordance with established 
practices and the requirements of a certain condition which must be 
fulfilled in order to comply with the ideas of the designer. 

Methods, of Blue-Printing: 

Tracings are used for making blue-prints in much the same manner 
that negatives are used in photographic work. Prints are made from 
the translucent tracings on a paper which has been treated with a 
preparation which is sensitive to light. Before exposure this 
preparation is soluble in water, but after exposure, becomes insoluble. 

The method used in making prints is simple: A piece of the 
sensitized paper is placed under a tracing and held in close contact, 
generally in some kind of frame with a glass face, during exposure. 
After exposure, the print is placed in water, which washes away the 
unexposed portions which were under the opaque lines of the tracing. 
Certain other chemicals are generally added to the wash water to in¬ 
tensify the blueness of the background and make the white lines stand 
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out. The print is next dried and a reproduction of the original trac¬ 
ing is made in blue and white. Any number of prints may be made from 
a tracing, which preserves the tracing as a record and the prints may 
be used wherever necessary in the shop. 

Prints may be made in a hand frame by sunlight, or in machines 
with artificial light, which also wash and dry the prints in a con¬ 
tinuous operation. This alternate exposure of the paper to the heat 
of the lamps, the soaking in water and again drying, together with 
the stretching of the paper as it is pulled through the machine, dis¬ 
torts the paper and, for this reason, it must be remembered that ac¬ 
curate measurements cannot be made on a blue-print. 

There are a number of other methods of reproducing tracing, giv¬ 
ing brown, red or black and white prints. The methods used are 
similar to that used for blue-prints and the different colors are 
used for different purposes. The rules for reading these prints are, 
however, the same as for blue-prints. 

Mechanical Drafting and Blue-Print Reading: 

The modern mechanic must acquire proficiency in the operation of 
different tools and machines by study and considerable practice, in 
order to claim the standing of a skilled artisan. The draftsman must 
also become proficient in handling drafting tools and spend long hours 
in practice on lettering and other drawing operations, besides ac¬ 
quiring considerable technical knowledge. Blue-print reading is an 
important part of the draftsman's mental equipment, but, to the mechan 
ic, knowledge of blue-print reading is indispensable. It is not neces 
sary, however, for the student to spend the time required to become a 
skilled draftsman in order to become proficient in the art of blue¬ 
print reading. Some drawing work will be required of the student in 
order to fix in his mind the principles of working drawings. Not 
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only will this aid in acquiring knowledge of blue-print reading, but 
he will also acquire the valuable ability of being able to express 
his own ideas to others by means of a simple sketch or rough drawing 
rather than by a lengthy oral description. 

The drawing work required in connection with this text will not 
necessitate the use of other than the most simple drawing equipment. 

A medium pencil of a good grade, a soft pencil eraser, any kind of a 
scale divided into sixteenths of an inch, a compass which can be set 
to a four inch radius and a small protractor is all the equipment neces¬ 
sary. 

ELEMENTS OF A BLUE-PRINT 

On every blue-print issued to a shop for the manufacture of a 
part, there are a number of elements which will be described in de¬ 
tail. These elements are more or less standardized in form, common 
to all blue-prints, and are used to convey general information re¬ 
garding the part to be made. 

IMPORTANT :- The habit should be formed of carefully going over 
all of the information shown on the blue-print before proceeding with 
the required w'ork, in order to gain a complete picture of the part be¬ 
ing made. 

The Title Block: 

The lower right-hand corner of all standardized drawings is re¬ 
served for a title block. The form of this block will vary somewhat 
in different manufacturing companies, but it will be found that the 
information contained therein will be universal in nature. Plate 1 
shows the title block adopted by this Institution, which conforms to 
the block used by most of the large aircraft firms and will be used 
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here as a descriptive example. 

In the extreme lower right-hand corner of the block is a space 
wherein appear several numerals. These numerals are known as the 
drawing number, and generally also serve as a part number. The num¬ 
erals of the drawing number are generally selected in accordance with 
some code; for example, the first numeral of drawing number shown in 
plate 1 indicates the size of the drawing sheet and is used as an 
aid in the filing and cataloguing of drawings. 

To the left of the number block space is provided for the title 
of the drawing or part. This title is generally made up of a single 
mark w'hich names the parts followed by a phrase which definitely de¬ 
fines the part either by function or by location. 

Again, to the left of the title space three ruled columns are 
provided for entries to be made regarding the number of parts re¬ 
quired, the "Next Assembly” on which the part is assembled, and the 
model of the airplane to which the next assembly belongs. There are 
twelve vertical spaces in this column. The reasons for this is that 
in a great many cases a detailed part can be used on several different 
assemblies or on different airplanes. This column guards against dupli¬ 
cation of drawing and special tools and dies that may have already been 
made on the original drawing. 

Above the title space on the left, space is provided for an entry 
regarding the heat treatment or hardness required for the part in its 
completed state. In the space above, entries are made regarding how ? 
the part is to be finished before it is assembled into the next as¬ 
sembly. 

In the center of the block, general information is given regard¬ 
ing the scale of the drawing, w r hat kind of machine finish is to be 
applied to the part and what variations will be allowed on the different 
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dimensions given on the drawing. The subject of limits on dimensions 
will be taken up more in detail in a later section of this text. 

On the right of the block, spaces are provided for the signatures 
of the different members of the Engineering Department who are responsi 
ble for making the drawing, checking for correctness, strength, kind 
of material, and approval for conformation to standards and desired 
design. 

At the top of the block, spaces are provided for entries re¬ 
garding the size of the material from which the part is to be made, 
the kind of material to be used, and the specification number of the 
material. 

The entries made in the three left-hand columns of the upper 
line of the title block require a more detailed description than the 
other entries made on the block. The fundamental principle of the 
numbering of drawings and parts is that every part on a machine, 
which is in any way different from any other part on the machine 
must have a separate part number. In many cases, parts used on the 
left side of the center line of a machine are identical with the 
same parts used on the right side except that they are opposite 
'’hand". For example:- The door and most of its detail parts used on 
the left side of an automobile cannot be used on the right side be¬ 
cause it is opposite "hand”. In order to save drafting expense and 
the handling of a large number of prints, the left-hand of a part is 
drawn and a note placed above the title block, as follows: 

1018 L.H. Shown 
1018-1 R.H. Opposite 

The basic part or drawing number is always assigned to the left-hand 
part, and what is known as a dash number of the basic number is as¬ 
signed to the right-hand part. In the example above, "Dash One" 
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indicates the right-hand part. In the case Qf an assembly, of which 
a left and right-hand part is required, where there are simple detail 
parts used which do not require separate detail drawings, but are al¬ 
so left and right-hand parts, dash numbers are assigned to the detail 
parts; even dash numbers to the left-hand parts and odd dash numbers 
to the right-hand parts. These dash numbers are entered in the 
columns provided, together with the number required of each and the 
notations for the material required to make each. 

The columns on ruled spaces on the left of the title block are 
used for notations regarding the changes or corrections made on a 
drawing after it has been once issued from the Engineering Depart¬ 
ment . 

The Body of the Drawing: 

The space above and to the left of the title block is known as 
the ’’Body of the Drawing”. In this space is drawn by mechanical 
means a picture of the part to be manufactured. This picture may be 
a single view of the part if, for example, it is some simple part like 
a flat plate. In other cases, two or more views may be necessary to 
completely describe the required part. These views are arranged in 
accordance with a very definite principle, which will be described in 
a later section. Dimensions are arranged around the different view's 
and manufacturing notes made in convenient places. General notes are 
placed as near the right margin of the drawing as possible. 

The Use of Notes on Blue-Prints; 

An engineer, w’hen washing to convey special information on the 
blue-print, will describe it in a written note. These notes are not 
intended to supersede dimensions on the blue-print, but to give in¬ 
formation and instructions that cannot be shown otherwise. Special 
attention should be given to these notes and they should be thoroughly 
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BLUE-PRINT READING 
understood before the mechanic proceeds to work with the blue-print. 
The general contents of these notes will be to contain information 
regarding drill notes, notes opt threading, or any other manufacturing 
operation. 


ERRORS IN DRAWING DIMENSIONS 

As stated before, you must not scale a blue-print. Not only does 
paper shrink when the blue-print is being developed, but the engineer 
even makes mistakes on the drawing. He may, for instance, show a 
dimension of four inches between two hole centers but, by a mistake, 
may have only drawn them three inches apart. If you ignored his re¬ 
quest for four inch center dimension and had scaled the drawing, you 
would be one inch wrong in your layout. Whenever the engineer dis¬ 
covers such an error and the drawing is too costly to destroy and re¬ 
make, he admits his error and makes a notation that the blue-print is 
out of proportion by underscoring the dimension that is out of scale. 

In this case, he will have four inches with a deep underscored line. 

The fact that the drawing is out of scale will in no way affect the 
mechanic, if he has thoroughly mastered the art of blue-print reading, 
the whole purpose of blue-prints being to enable the engineer to convey 
certain dimensions to the man in the shop. The actual use of the ob¬ 
ject on the blue-print is only as a medium to convey these dimensions. 



Example of Such an Error 
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BLUE-PRINT READING 
TYPES OF DRAWINGS 

Mechanical drawing is used to present or transfer the ideas and 
knowledge of the designer to another person by means of the original 
drawing or blue-prints made from an original drawing. If the party 
examining the drawings is a prospective purchaser of the machine, he 
is most interested in the general appearance and dimensions of the 
complete unit. However, if the drawings are presented to a mechanic 
to manufacture the parts indicated by the drawings, he is interested 
in the finer details of the drawing, as he must abstract therefrom 
complete information as to the materials to be used and the exact size 
and shape of each part. Also, he must ascertain the location occupied 
by the component parts of the structure, in order that, when the manu¬ 
facture of the parts has been completed and the structure assembled, 
the machine will properly perform its intended function. Such drawings 
are called "working drawings". 

There are two main classifications of working drawings: General 
or assembly drawings, and detail or fabrication drawings. Drawings 
of either kind perform the function of transferring information from 
the engineering department to the shop. 

General or assembly drawings give information regarding the over¬ 
all size of the assemblies, serve as an index of the parts required to 
complete the assembly, and give the location of the component parts 
of the structure. In many cases, no dimensions are shown on assembly 
drawings, as the machine is assembled in accordance with the fabricated 
component parts. 

Detail or fabrication drawings give information regarding the 
exact size, shape, and material of each individual part of the machine. 
It is general practice, in the average size factories, to place on 
the detail drawing of a part all information regarding its fabrication. 
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in order that one drawing will give the pattern-maker, the machinist, 
or any other mechanic, the necessary instructions to manufacture the 
part. In the larger establishments, separate detail drawings are made 
for each operation completed by the different departments of the shop. 
Alphabet of Lines ; 

In order that a working drawing may be read and understood by 
anyone conversant with the manufacturing industry, it is necessary 
that the drawing be written in a common language. In writing, cer¬ 
tain sounds are expressed by an alphabet of characters or symbols 
which are combined together in accordance with general rules and used 
to convey certain information or ideas. In much the same manner, a 
working drawing is the representation of an object by mechanical draw¬ 
ing means, using certain definite symbols and conventions so arranged 
that the correct mental picture of the object is formed by the reader 
of the drawing. 

The alphabet of lines shown in plate 2 has been almost universal¬ 
ly adopted as the conventional one for working drawings. 

Too much emphasis cannot be placed on the necessity of a complete 
understanding of the meaning and function of each line appearing on a 
blue-print. The mechanic must be able to form a mental imagine of the 
object represented by the blue-print and, in order to do so, he must 
know the significance of each line and point on the print. Different 
views and sections of the object are also shown to aid in the forma¬ 
tion of the mental picture. Each line in every view means something, 
and knowledge of this meaning enables the mechanic to form a general 
mental picture of the object at a glance. Study of each view deter¬ 
mines the details of the object. 

The meaning of each line of alphabet is given in the following 
paragraphs: 
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a. Visible Outlines:- The outlines of an object which are visible 
when viewed from any position, regardless of their distance from the 
eye, are known as the Visible Outlines of the object and are repre¬ 
sented by full heavy lines. These outlines or edges are formed by 

the intersection of two surfaces, and corners are formed by the inter¬ 
section of three or more outlines. 

b. Invisible Outlines:- In order that a picture of an object, 
w'hich has width, height and depth, and drawn on a flat piece of paper, 
may form a mental imagine of the object, it is necessary to show the 
hidden outlines of the object by means of heavy dash lines, known as 
Invisible Outlines. In some cases, invisible outlines are only a 
convenience, but they are a necessity on a working drawing in any 
case where an edge of the object is not visible from at least one 
point of sight. 

c. Center Lines:- Objects which are round or of such irregular 
shape that an edge cannot be used as a reference are generally drawn 
about w'hat is knowna as a center line. This line is made up of long 
light dash lines, separated by a single short dash. The different 
view r s of a part are often projected about center lines, and they are 
also used as extension lines for dimensions. 

d. Projection or Adjacent Part Lines:- Light full lines are used 
to assist in locating a point on the different view's of an object. 

On large drawings, these lines are sometimes long light dashes instead 
of full lines. 

e. Dimension Lines:- There are two lines used in dimensioning 

drawings: The extension line from the center, edge or surface of the 

object being dimensioned, and the dimension line connecting the ex¬ 
tension lines. Both lines are full light lines. Arrowheads are 
placed at the ends of dimension lines to indicate the points between 
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blue-print reading 

which the dimension is taken and a space is left near the center for 
the figures of the dimension. 

f. Cutting Plane:- It is sometimes necessary to make a drawing 
of an object as if part or certain areas of the object has been cut 
away. The location of the cut section is indicated by light line of 
long dash lines separated by two short dashes. 

g. Section Lines:- The surface exposed by a cutting plane is 
cross-hatched full light lines spaced in accordance with a code in¬ 
dicating the material of the part. Typical examples of the use of 
these lines are shown on plate No. 3. Plate 4 shows the different 
style of cross-hatching for various materials. 

h. Break Lines:- Long parts of uniform section are generally 
drawn as if broken and a section removed. The break is indicated 
by irregular lines or a combination of long straight dashes and ir¬ 
regular lines. 

From the above, it will be noted that the heavy lines of a 
drawing, either full or dash, represent the outlines of an object, 
either visible or invisible. The intersection of the outlines of 
the object at corners and at junctions of flat and curved surfaces 
are made without one line extending beyond the point of intersection. 
Projection and extension lines are made close to but not touching 
the object outline from which the projection or extension is made. 
Lettering: 

With the exception of signatures, ordinary handwriting is never 
used on working drawings. Clearness demands that all information, 
such as manufacturing notes, names of parts or views, and dimensions 
must be in characters of the printed form. 

Hand printing is called "lettering". There are many forms of 
lettering, either of the vertical or slant style. Fancy forms of 
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lettering are not used on working drawings, for the reason that the 
simpler forms are always the most legible, and because of the addi¬ 
tional drafting time required to execute the more ornate forms of 
lettering. 

Uniform lettering made at a good rate of speed requires practice 
and can only be expected from the experienced draftsman. 


# 
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REVIEW QUESTIONS 

1. What technical knowledge is involved in blue-print reading? 

2. What is the importance of blue-print reading to the mechanic? 

3. What is the name of the material used by the drafting department 
to furnish the drawing to the blue-printer? 

4. What is blue-print paper and how are blue-prints made? 

5. Why cannot accurate measurements be made on a blue-print? 

6. What is taught in mechanical drawing and what in blue-print 
reading? 

# 

7. What general information can be gained about a part from the 
title block? 

8. State concisely what is meant by right and left-hand parts. 

9. Why is it necessary to assign numbers to drawings? 

10. Why is it necessary to make a record of changes made on a 

drawing? 
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The rapid increase in the use of aluminum and its alloys over a 
period of twenty years has been caused by the demand of airplane 
builders for a material which has great strength with a minimum of 
weight. In aluminum alloys we have materials that not only fulfill 
these requirements but have the added advantage of being able to 
withstand corrosion, a very important property in any metal used 
in aircraft construction. With these three factors in its favor 
aluminum today is competing with steels and other metals in all 
other industries to such an extent that, measured in tons, it is 
the fifth ranking metal in the production scale today. 


HISTORY OF ALUMINUM 


The metal "aluminum" is the most recent of all non-ferrous 
metals to be discovered. It has only been developed in metallic 
form during the past century. 


RAW MATERIAL 


Although aluminum does not occur in a free state in nature, it 
is the most lavishly distributed of all metals in compound form. 

It is the normal base of a number of rocks and minerals; also of 
all clays and loams. 

The four chief compounds in which "aluminum" is found are: 


1. Oxide 

2. Hydroxide 

3. Silica 

4. Fluoride 


All of these are potential ores. Oxide, although containing the 
highest proportion of pure metal ( 52 $ - 53 $) has not been used since 
early days, its hardness making working difficult and costly. 

Bauxite is a hydrated aluminum oxide containing 35$ to 70$ pure 
metal and is the principal source of aluminum today. Silicate, also 
known as Koalin or China Clay, is a pure disilicate containing 24 . 4 $ 
of aluminum. It is expensive to mine but would be ideal for 
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aluminum were it not for the difficulty of preparing aluminum from 
mineral silicate. "Silica” in aluminum means "silicon" in the final 
aluminum and, since it is practically impossible to remove this im¬ 
purity, the vast stores of aluminum in hydroxides must await the 
genius of some enterprising chemist. "Fluoride", a double fluoride 
of aluminum and sodium, is known as cryolite and has an important 
place in the production of aluminum as a flux or solvent. 

Method of Extraction . In perfecting, 50 years ago, the electrolytic 
method of extracting aluminum from Bauxite, Charles Martin Hall, at 
the age of twenty-two, made possible the modern commercial develop¬ 
ment of the aluminum industry. The method he employed has so far 
stood the test of time and made possible a reduction in price of 
$5.00 a pound to the present price of about 600 a pound. 

The crux of the "Hall" method lies in the fact that the fluoride 
in a molten condition will take into solution a considerable quanti¬ 
ty of aluminum, about 20 %. Once in solution at a temperature of 800° 
centigrade the bath is amenable to electrolysis like any other liquid 
and provided the applied tension does not exceed 6-volts the "alumina" 

l 

will split up into aluminum and oxides while the cryolite solvent re¬ 
mains unaffected. 

It may be well to remember that for years the position of this 
metal in the industrial world was limited to essentially non-engineer¬ 
ing applications. During these years nobody realized that such a light 
metal would one day be doing the world's heaviest work. It appears 
that it was not until Aluminum was alloyed with other metals and used 
for the construction of airplanes that its possibilities as an 
engineering material were realized. 

DURAL 

In 1909 Alfred Wilm of Germany developed the first aluminum alloy 
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on a commercial basis. This alloy called duraluminum (commonly 
known as dural), was so infinitely superior to those formerly avail¬ 
able in tensile strength, workability and resistance to corrosion, 
that its usefulness as the ideal aircraft construction material was 
instantly realized by a few of the pioneers. This alloy and the 
process by which it is manufactured is of historical interest for 
one reason:- It marked the first noteworthy instance in which the 
strength of aluminum alloy could be increased by means of heat treat¬ 
ing operations. 

NOMENCLATURE 

The manufacturer of aluminum alloy in this country, "The Aluminum 
Company of America", has established a series of coded letters for 
wrought aluminum and its alloys. The nomenclature is simple. The 
symbol consists of three parts. Example: "17ST". The number 17 
specifies the composition; the letter S signifies that the material 
is a wrought product in contrast with a casting and the letter T 
defines the temper. (Sometimes two letters are used to indicate 
the temper.) In a few instances a base composition has been mod¬ 
ified. This is distinguished by a letter preceding the number, 

"A17S". Example: A17S is "17S" composition in a modified form. 

The various temper designations are: 

"0" Annealed. 

"H" Hand rolled, hand drawn, etc., from annealed state. 

"V/" Heat treated and aged at room temperature. 

(This is only furnished with those alloys which are supplied 
in artificially aged temper condition.) 

"T" Maximum heat treated temper. 

"RT" Heat treated, aged, and then cold worked. 

AIRPLANE ALUMINUM ALLOYS 

As airplane construction is the subject in which we are inter¬ 
ested, we will deal only with the several types of aluminum alloys 
now used in aircraft. These are: 2S, 3S, 14-S, 17S, 24S, 25S, 51S, 52S 
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Types 2S and 3S 

The commercially pure aluminum which is supplied to the trade 
in various wrought or sheet forms is usually required to show a 
minimum aluminum content of 99 %. This metal is called 2S. Its use 
in the aircraft industry is confined to the manufacture of small 
parts such as clips and brackets, which have no stresses imposed 
upon them. 

The alloy known as 3S contains a small amount of manganese and 
is appreciably stronger than 2S. This alloy is used chiefly in the 
manufacture of airplane gasoline and oil tanks. 

In the fully annealed state these alloys are quite soft and 
ductile and can be readily pressed and shaped into any desired form. 
With excessive cold working they become strain-hardened, resulting 
in an increase in tensile strength. 3S alloys are also used for 
making tubing for gas and oil lines and for electrical conduits. 

Due to the superior physical properties of 52S, a comparatively 
new alloy of aluminum, the use of this material is gaining favor 
and is being substituted for the 3S alloy. 

Strong Alloys:- 17S, 24S, 25S, 51S . 

The development of these four high strength aluminum alloys has 
made aluminum, with its properties of lightness and resistance to 
corrosion, the most desirable structural metal for aircraft. Alloys 
of this type are in commercial production and are available in the 
form of sheet, stock, tubing, bars, rods, wire, forgings, rivets and 
extrusions of all shapes. These alloys are produced in this country 
by the Aluminum Company of America. Both 17S and 24S are of the 
Dural class, containing copper, magnesium and manganese. These two 
alloys are the principal metals used in the highly stressed struc- . 
tural parts of the airplane. 
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25S contains copper manganese and added silicon; 51S contains 
magnesium and added silicon. 

Each of these four alloys has its specific heat treatment proces 
and its characteristic properties. They, also possess the properties 
of strain-hardening when they are worked cold. This strain-harden¬ 
ing can be removed and the alloy rendered workable by annealing the 
metal at a suitable temperature. This annealing heat must be care¬ 
fully controlled since too low a temperature will fail to soften 
the material while too high a temperature will produce effects 
analagous to those which result from heat treatment, though in 
lesser degree. 

Heat Treating Strong Alloys . The heat treatment consists in heating 
the alloys to a suitable temperature and quenching. The actual tem¬ 
perature varies somewhat for the different alloys. 

Immediately after quenching, the alloys are much stronger than 
in the annealed state but are distinctly more workable than when in 
the fully aged condition. It takes several days of aging before they 
reach their ultimate strength. While standing at room temperature 
the alloys 17S and 24S undergo a spontaneous aging during which the 
properties of strength and hardness increase very markedly. This 
change proceeds quite rapidly at first and then more slowly and is 
practically complete in from three to four days. If it is desired 
to take advantage of the working of the unaged material the forming 
must be completed within one or two hours from the time of quench¬ 
ing. 

The alloy 51S also undergoes spontaneous aging at ordinary tem¬ 
peratures but the change is much less pronounced than in the case 
of 17S and 24S. For this alloy to develop its maximum properties 
it must be aged at elevated temperatures; under these conditions 
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there is a very marked increase in the tensile strength and hard¬ 
ness. 

Even on standing for a long time at ordinary temperatures the 
alloy 25S shows only an insignificant change in properties. If, 
however, it be heated to a suitable aging temperature, changes in 
properties occur which are comparable with those which take place 
spontaneously with 17S or 24S alloys. 

The effects of the heat treatment operations may be removed, if 
found necessary, by subsequently heating to the annealing temperature, 
after which the metal may be worked and reheat-treated at will. It 
is not advisable to anneal and heat-treat any alloy more than is 
found necessary. 

The various tempers of these alloys are designated in accordance 
with the classification explained under "Nomenclature". The symbol 
which designates the temper is added to the symbol of the alloy. 

The letter "0" indicates the annealed or soft temper, the letter "T" 
the quenched and aged or fully treated temper, the letter "V/", used 
only with 25S and 51S material, indicates the material has been 
quenched but not artificially aged. Thus we have 17S0 for soft 
material and 17ST for heat-treated material, 51S for soft material 
and 51SW for heat treated material. 

The tensile properties of the above described alloys are compar¬ 
able to those of mild steel. The advantage of a metal having the 
strength of mild steel with the weight of approximately one-third 
should not need further emphasizing. 

SPECIAL PRODUCTS 

There are various fabricated products of aluminum or aluminum 
alloy which are regularly supplied to the aircraft industry. Auto¬ 
matic screw machine products, machine screws, bolts, nuts and rivets 
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are available in the range of standard sizes and threads. Rivets 
in 2S, 17S, and 24S alloys are standard commercial products. Alum¬ 
inum powder is becoming a widely used paint pigment because of its 
durability and its excellent protective action. 

Probably one of the most important developments in connection 
with high strength aluminum alloy sheet which is now commonly used 
in aircraft construction is a product called "ALCLAD". This material 
is also made by the Aluminum Company of America and consists of a 
strong alloy and a surface layer of aluminum of very high purity, 
alloyed and integral with the core. The thickness of the surface 
layer is so chosen as to afford the exceptional corrosion resistance 
of aluminum of high purity, and at the same time retain the maximum 
possible mechanical properties. This class of material is only pro¬ 
duced in sheet form. 

RIVETS 

Rivets are made from commercially pure aluminum 2S, from aluminum 
manganese alloy 3S, and from strong aluminum alloy 17S and its mod¬ 
ified grades. Rivets of the common pure aluminum type are used 
chiefly in the manufacture of gasoline and oil tanks, their applica¬ 
tion being in securing the seams and bulkheads of the tank. After 
being riveted in place, they are welded to the tank body to make the 
tank leaf-proof. 

The rivets of the strong aluminum alloy 17S type are used 
throughout the airplane structure. To attain their maximum strength, 
rivets like all other strong aluminum alloys, must be heat-treated. 
This heat treatment must be performed just prior to the actual rivet¬ 
ing operation. Thirty minutes after being heat-treated, the alloy 
of which the rivets are composed begins to age. However, this aging 
can be retarded if the rivets are placed in a container and kept at 
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a temperature of thirty degrees Fahrenheit. This process will be 
dealt with more fully in a later lesson. ' 

In the past few years there has been developed a modification 
of the alloy 17S. This is known by the Aluminum Company of America 
code number as A17S. This modified alloy is now used in the manufac¬ 
ture of rivets and eliminates the necessity of heat-treating rivets 
by the aircraft manufacturer. 

HEAT TREATMENT OF ALUMINUM ALLOYS 
While the tensile strength of aluminum alloy in the soft state 
is about double that of commercially pure aluminum, the addition of 
heat treatment produces some very remarkable characteristics in 
tensile strength, yield strength and hardness. This produces a 
strength comparable to structural steels while retaining the character¬ 
istic qualities of aluminum. The gain in strength which results from 
heat-treating is accompanied, however, by a decrease in ductility of 
the metal, although the properties which result are more than adequate 
for a great variety of commercial applications. 

Theoretically, this process of heat treatment falls into three 
groups: High temperature treating, quenching and aging. The first 

step consists of heating the alloy to the temperature specified and 
holding it at that temperature until the complete mass of metal has 
reached the required heat, the alloyed constituents being dissolved 
in the aluminum, and becoming so finely dispersed that they are not 
visible with a microscope even at high magnification. Immediately 
after removing from the heat-treat bath the metal is quenched in 
water, during which process the alloyed constituents precipate in 
the form of exceedingly fine particles. The size and shape and dis¬ 
tribution at this stage have an important effect on the mechanical 
and physical properties of the heat-treated alloy. 
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In the quenching process, the alloying elements are still dis¬ 
persed in a purely atomic manner, while in the aging process they 
recombine to form compounds which agglomerate in a continuous manner. 
(The characteristics of different alloys are discussed along with a 
description of the alloy in another part of this lesson.) 

ALUMINUM CASTINGS 

Pure aluminum is not recommended for general casting purposes. 
However, it is used to some extent where its chemical and electri¬ 
cal properties are preferred. 

It is possible, by the addition of relatively small amounts of 
other elements, to produce an alloy which possesses very satisfactory 
mechanical properties and good foundry characteristics but, at the 
same time, retain in a large measure the desirable properties of pure 
aluminum. The most commonly used alloying elements are copper, 
silicon and zinc. To a lesser degree, nickel and magnesium is also 
used. The largest tonnage of castings produced from aluminum alloys 
is of sand castings. The accuracy and size of these castings are 
not as good as those produced in permanent molds or in die casting 
processes and in general a greater allowance must be made for machin¬ 
ing and finishing operations. The surface.finish is inferior to 
that obtained in metal molds. Permanent mold castings are used where 
a superior product is required. Because of the finer grain structure 
resulting from the rapid solidification of the metal, they have great¬ 
er susceptibility to heat treatment. Finishing costs may be materially 
lower than those for sand castings as a result of the saving in machin¬ 
ery. 

The strength of a casting with any given alloy cast in a 
permanent mold would be about 20 % greater than a casting of the same 
alloy cast in a sand mold. This, coupled with the fact that a finish 
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of a higher quality is secured, makes permanent molding very desir¬ 
able. But here again costs of the metal would enter into the con¬ 
sideration. The high cost of these castings is the result of neces¬ 
sary expensive equipment. 

DIE CASTINGS 

The die casting process is adapted to the production of cast¬ 
ings in which extreme accuracy, uniformity and superior finish are 
essential. In this process very thin walls may be cast, v/ith the 
subsequent saving of weight in the finished part. Bolt holes may 
be cast to very close tolerances and the dimensions can be controlled 
so closely as to reduce machining operations to a minimum. In con¬ 
sidering the accuracy with which these products can be produced, the 
following comparison is of interest: For die casting, tolerances are 
allowed in thousandths of an inch; for permanent mold castings, 
dimensions of one thirty-second of an inch can be held; while for 
sand castings, tolerances are considered in sixteenths and eighths of 
an inch. 

FORGINGS 

Most important is the present day tendency in aircraft construc¬ 
tion to turn more to forgings in.place of castings. The 14S type 
alloy (see table l) predominates, owing to superior properties ob¬ 
tained. Die stamping is the general method employed. Close dimen¬ 
sional accuracy is thus obtained. The manufacture of automobile con¬ 
necting rods, propellers for airplanes and many high stressed fit¬ 
tings consume a considerable tonnage of this alloy. Various recip¬ 
rocating machine parts are being made in aluminum forgings in order 
to take advantage of the reduction in weight with the consequent re¬ 
duction in inertia stresses. 
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EXTRUSIONS 

Aluminum alloy extruded sections play a very important part in 
the design of metal airplanes. The art of extruding has grown from 
that of a few simple sections to the present complicated shapes. If 
you will turn to the end of the lesson, you will see cross-sectional 
views of some of these sections that have been successfully extruded 
and are now' a commercial product. 

EXTRUSION PROCESS 

The method used in extruding aluminum alloy is similar to that 
of any other material. As the metal is being mechanically forced 
through the dies, it is heated and kept in a sufficiently plastic 
state to insure the metal being soft and malleable. Because of the 
workability and other favorable qualities of aluminum, it has been 
found possible to extrude shapes of a large cross-section area that 
had been found impossible in other kinds of metal. 

SHOP PRACTICES FOR ALUMINUM ALLOY 

During the process of fabricating or assembling parts made from 
aluminum alloy, several precautions have to be observed to guard 
against damaging the material. Although, as stated before, this 
material is equal in strength to milled steel, full advantages of the 
material strength must be obtained. 

If a pane of glass is scratched with a diamond point, a complete 
rupture would develop when the pane was subjected to any stress. The 
same applies to heat-treated aluminum alloy. An airplane in flight 
is subjected to intense vibration and any deep cuts on the surface 
of the material would cause a fracture at- that point with possibilities 
of complete failure of the structure. 

Never use a steel scriber to mark the metal unless it is just for 
a profile line to be used for shearing purposes. Any inscribed line 
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on the metal surface is prohibited by all Inspection Departments and 
is a cause for rejection of all metals so marked, even if the damage 
is not found until after the complete assembly of the airplane. 

In any layout work necessary, use a soft lead pencil for all line 
work and a wax pencil for any written instructions that need to be 
shown on the metal itself. All sheared edges must be filed smooth 
and must be free of any shear marks. It is not advisable to punch 
holes in metals for rivets or bolts. Drilling is far superior, as 
it leaves a smooth edge and does not need any further servicing. 

When fabricating parts, such as angles or channels that have to 
be bent over a radius, always follow the instructions on the bend 
allowance charts that are provided in every work-shop. Bending 
materials over too small a radii will cause the metal to crack at the 
bend. In many cases, this failure cannot be seen with the naked eye, 
but will always develop into a complete failure when the part is sub- 
jected to vibration or other stresses. If no chart is handy and the 
^&dii is not specified on the blue—print, a good rule to follow isi 
Never bend a material over a radius that is less than twice the thick¬ 
ness of the material itself. 

Never file or scrape any anodized fabricated parts. The anodic 
film is an aid in fighting corrosion and to so remove this film, 
naturally, would assist corrosion. 

When assembling two threaded parts made from aluminum alloy, it 
is necessary to apply an anti-freeze compound on the threaded portions 
before assembling. This will allow the parts to be dis-assembled when 
needed and also acts as a protection against corrosion. 

These precuations are standard with both the Army and Navy require 
ments and the student will do well to memorize them. They are also a 
requirement of this School. 


- 12 - 


ALUMINUM COMPANY OF AMERICA 















































































ALUMINUM COMPANY OF AMERICA 




























































































































o 


ALUMINUM COMPANY OF AMERICA 











































































































ALUMINUM COMPANY OF AMERICA 


8047 



8046 




EST. WT. PER FT. .328# HALF SIZE 


EST. WT. PER FT. .564# HALF SIZE 


EST. WT. PER FT. .733# HALF SIZE 



^ 64" 




.070 


1 

J 

^_3_ 

i- 

3 r 

' 4 

4 ^ 

9 

*-64 


t070 


EST. WT. PER FT. 1.739# HALF SIZE 


EST. WT. PER FT. 2.052# HALF SIZE 


EST. WT. PER FT. 2.082# HALF SIZE 





EST. WT. PER FT. 1.931# HALF SIZE 


EST. WT. PER FT. 1.766# HALF SIZE 


EST. WT. PER FT. 1.661# HALF SIZE 





EST. WT. PER FT. 1 .980# HALF SIZE 


EST. WT. PER FT. 2.052# HALF SIZE 


EST. WT. PER FT. 1.8 31# HALF SIZE 












































































































































































A/OAA/A/AL COMPOS/ 7 /OM f TYP/C0L PPOPBBT/BS 
TABLE*! Of W&QOGHT - MLOAA/AfUM MLLoYS 

V. 

0 

$ 

0) 

* 

(2) 

i! 

l| 

| & 
s« 

(3) 

(4) 

| 

$ 

(S) 

s 

1 

I 

(6) 

i 

V> 

5 

1 

(7) 

>5 

i 

V 

§ 

Go) 

$ 

$ 

gi 

!! 

*»$ 

GO 

| 

* 

Hi 

I 

Gz) 

i 

$ 

5 

fc 

■ft 

SJ 

* 

Gs) 

—,- 

! :j 

I * 

§ 1 

* 1 
04) 

\ 

<*h 

common tii.Lt 

ys 




/ 

ZS 

//MN&U3D 
Half 3/09*9 
t/*gpeoU£P 

99.0 









ttpoo 

n,ooo 

24,000 

4000 

14,000 

21,000 

35,000 

9,000 

5,000 

z 

ss 

pwetu&o 
f/fUF tine? 
faep&U£p 

ms 



ns 






16,000 

21,000 

25.000 

5000 

/apoo 

25,000 

30,000 

6000 

4000 

s 

4S 

ONNepiep 
o/hlp tJaep 
t/nxp &LLSP 

ms 



/ 2 S 

AO 





20,000 

£ 5,000 

42,000 

/ 0,000 
37,000 
38,000 

20,000 

5000 

3000 

4 

52$ 

//HH£3U£P 
3/PLF 3/HOP 
j/pepZoOep 

$125 




2.5 

0X5 

► 



21,000 
£ 7,000 
4/,000 

74,000 

21,000 

36,000 

25,000 

70,000 

7,000 


f 6 )tf£/r. 

r TesarMie PiLoYs 

5 

MS 

f£477ee*T£P 

93.70 

4.4 

020 

0.75 

0.36 





66,000 

53,000 

12,000 

6 

OS 

WAftfuep 

H£/nre&rr£P 

9SM 

4J0 


0.50 

0.50 





26,000 

58fi00 

14000 

£5,000 

20,000 

20,000 

7 

6ts 

4887 TBtmP 

97.20 

2.5 



0.30 





43,000 

24,000 

24,000 

8 

24s 

ffNN£RLBO 
rtwremep 

9W 

42 


oso 

150 





26,000 

65,000 

/o,oco 

45,000 

20,000 

20,000 

9 

25S 

4* 8 T 78*8750 

93BO 

4.S 

020 

coo 






sspoo 

35,000 

/3.000 

to 

S/s 

4NN6RLBP 

jy 

*f#r 7e£*T£t> 

9040 


hOO 


0*0 





/6,CCO 

*s,ooe 

40.000 

6,000 

ZC,C40 

38.600 

30000 

t#,occ 

74,000 

// 

OS/S 

4ea7je£87£P 

98.15 


t.00 


0.60 

026 

to 


0.5 

48,000 

38,000 

74,000 

tz 

sss 

MA>e*tL£P 

IV 

4£87 7&607BP 

97 SO 


0.70 


72S 

0X5 

/4 

AO 

0.5 

A 6,000 
3.3,000 
34000 

7,000 

20,000 

31,000 

76,000 

XXjOOO 

74,000 






























































D 


0 


D 


TABLE Z 


ir§M 

MSL 

SfiMB 

MS 

T*SU 

*/ 


STPNPAPP CoMMOOiTtBS *VBOUGHT RLLoVs 
(CoMMoomes Mppkbo *v/th pstbp/sp pee sr/wpereo) 



pLLoy 

sz/eers 

PI* TBS 

Hf/ees 

Poo 

**/o 

BOPS 

BolLMO 

snares 

exreuo&i 

spares 

ToB/AfG 
MAf49 
P//>£- 

p/vers 

foaatHcs 

/ 

2s 

* 

* 

it 

it 

— 

it 

* 

* 

— 

2 

3s 

4t 

« 

— 

— 

— 

* 

♦ 

♦ 

— 

3 

4s 

♦ 

* 

— 

— 

— 

— 

— 

— 

— 

4 











s 

/ 4s 

— 

— 

— 

— 

— 

— 

— 

— 

it 

6 

J7s 

* 

* 

it 

it 

it 

* 

•* 

♦ 

* 

7 

A/7S 

— 

— 

— 

— 

— 

— 

— 

* 

— 

a 

24s 

* 

— 

— 

— 

— 

it 

* 

•— 

— 

9 

25S 

— 

— 

— 

— 

— 

— 

— 

— 

♦ 

to 

S/S 

it 

* 

it 

it 

— 

♦ 

it 

— 

— 

n 

4S/S 

— 

— 

— 

— 

— 

— 

— 

— 

it 

tz 

SPs 

* 

* 

it 

it 

— 

— 

* 

— 

— 

t3 

53S 

* 

* 

it 

it 

— 

♦ 

* 

it 

♦ 







































TR&lc *3 MiMi/A/Mt C//ST/A/G /?/./.Q)/S 


appeox. cucMicm. 

CoMPosmoAi 

% 

TCUSU& SreSMSTM 

IBS. P£e set. /AfCH 

£/oa/mt/oa/ 

/9PPPOX. y/BAp 

IBS. P£B SO. /AfCH 

3 L UA4/AS4/A4 

99 

92,000 To 94,000 

75 To 25 

4000 


Cof>PBG 

3/91. /7JLua*. 

8 

98,000TO 23,000 

7 To 3 

90, OOO 

COPP&Jg 

Z/vc 

/eoA/ 

7.5 

7.5 

7.2 

99,000 To 24, OOO 

7 To 2.5 

99, OOO 

)► 9fS C/9ST 

SiLjcoA/ 3/91. 

3/OMiA/UAA 

S 

77,000 T» 22,000 

3 To 7 

?ooo J 

TILUM/NUM 

Copper 

96 

4 

39,000 

8.0 

96,000 

//SST TB&PTBD 

Aluminum 

Magnesium 

90 

/O 

44, OOO 

73.0 

26.000 > 

BUOYS 



















































ANDERSON 

AIRPLANE 
SCHOOL 




AN INSTITUTION 
TEACHING THE THEORY 

and 

PRACTICAL 
APPLICATION OF 
THE TECHNIQUE 
IN MODERN 
AIRCRAFT 
CONSTRUCTION 














PROCESSING AIRCRAFT MATERIAL 


The word processing is used in the aviation industry to indicate 
anything that is done to the materials used in building aircraft that 
increases their usefulness or value in any way. In many cases, the 
object of the processing operation is to make the metal more resistant 
to corrosion. Cadmium plating of steels and anodizing of aluminum al¬ 
loy are two of the methods used. These and other processes will be 
described and are an important part of the knowledge of all who are 
connected with the aircraft industry. 

Any metal exposed to the atmosphere tends to corrode and, because 
corrosion reduces its strength to an alarming extent, every effort must 
be made to treat or process all metals in such a manner as to prevent 
or retard corrosion as much as possible. 

Some metals have natural corrosion resistance properties, the 
stainless steel alloys being the ones most favored in this respect. 

The moisture in the atmosphere and the action of salt water are the 
two corrosive agents encountered that have to be guarded against. 

The most commonly used medium for protecting any material is paint, 
but we shall see that even when this method is used with aircraft 
metals some other preliminary treatment is also advisable to insure 
the best results. 

Metal is subjected to corrosion in two ways. You have, no doubt, 
observed the more common way in which surfaces of steel or iron rust. 
Where this sort of corrosion is apt to take place, metal can be either 
plated or painted in order to prevent corrosion. However, a much more . 
dangerous form of corrosion is that which is not visible on the surface. 
This is called intergranular or intercrystalline corrosion. In this 
form, the corrosion eats its way internally through the metal around 
the grain or crystal boundaries. Some aluminum alloys and corrosion 
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resistance steels are subject to this type of corrosion. Whenever it 
occurs, it is presumed that the metal has been improperly manufactured 
Obviously, no protective coating can check this type of corrosion. 

The third form of corrosion is that due to electrolytic action 
which takes place when two dissimilar metals are joined together. 

The moisture acts as an electrolyte and the two dissimilar metals act 
as the anode and cathods of a galvanic battery. Because of this well 
known phenomenon, dissimilar metals are never assembled together with¬ 
out having an insulating medium placed between them. 

Example: When a steel and an aluminum alloy joint is to be made, 
the steel surface should be cadmium plated and both metals given a 
coat of primer. The insulating medium can be either a layer of doped 
fabric or aluminum foil. It is placed between the joining surfaces 
before assembly. If stainless steel is to be joined with aluminum 
alloy, the stainless steel does not have to be cadmium plated, but 
in all other respects the joints should be the same as for other types 
of steel. 

Where copper, brass or bronze is joined to aluminum alloy, the 
same should be cadmium plated and given the treatment indicated for a 
steel joint. 

CLEANING OPERATIONS 

The most common cleaning operation for steel is that of sand 
blasting, a process of cleaning parts by blowing abrasive particles 
against the metal to be cleaned. Either sand or steel grit is used 
as a cleaning abrasive. Steel parts that have been welded or heat 
treated are generally sand blasted, in order to remove any scale. 
Aluminum alloy parts are never sand blasted. 

In sand blasting, the grit is blown through a nozzle by means of 
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air pressure. Parts so treated should be kept clean while they are 
being handled to insure a good adhesion of cadmium deposit or primer 
coating, as the case may be. The protective process should be performed 
as soon as possible after sand blasting. 

ALUMINUM ALLOY 

Fuel and oil tanks and other aluminum alloy parts that have been 
welded are given a pickling treatment to remove all traces of welding 
flux. Welding flux left in the seams will increase the metal’s ten¬ 
dency to corrode and is a danger to the continual flow of gasoline. 

In the past, many airplanes have come to grief due to clogged gasoline 
lines caused by the residue from welding flux. 

In pickling aluminum alloy, a 10$ sulphuric acid bath maintained 
at ordinary room temperature is used. This bath is generally contained 
in a wooden tank lined with lead or painted with asphalt paint. 

CADMIUM PLATING 

Cadmium plating is used extensively in aircraft for the protection 
of steel parts generally. Cadmium is much favored, not only because of 
its excellent corrosion protective abilities but, also, due to its 
close grain crystal structure, it makes a very valuable inspection aid. 
Cracks and surface defects on articles so plated are easily identified. 
In fact, it is the general policy to lightly plate steel forgings prior 
to inspection for this purpose. 

The importance of definite plating specifications cannot be over¬ 
estimated. The value of cadmium plating depends on the ability of the 
coating to withstand the corrosion action of the elements. The standard 
salt spray test of 250 hours is a criterion. This ability depends upon 
the quality of the coating. The quality varies with several factors, 
such as: The appearance of the coating in regard to luster; presence or 
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absence of burnt areas and pin holes; the adherence of the coating and, 
what is most important, the thickness of the deposit. This is best 
determined by a stripping test, which forms the basis of all specifica¬ 
tions. Just as a chain is no stronger than its weakest link, cadmium 
coating is no better than the protection it gives on any one point. 

Thus, the important thing is not the average thickness, but the minimum 
thickness at any point of the total surface. 

It is a well known fact that plating coatings are not evenly dis¬ 
tributed. Sharp edges and protruding points always get a heavier coat¬ 
ing. Even with a bath of superior throwing power, the plate is never 
absolutely evenly distributed. 

The cleaning preparation for plating is an important part of the 
plating procedure and should be given more serious attention than is 
generally the case. The deposit on the chemically clean surface is 
more adherent and has less defects than a surface which has been pre¬ 
pared carelessly. It is, therefore, more resistant to corrosion and 
has a better appearance. In the majority of cases, such as steel forg¬ 
ings, casings, tube assemblies, etc., the surface preparation takes the 
form of a light sand blast. This has been found an inexpensive and 
efficient way to prepare metal for plating. Screw machine parts, bolts, 
nuts, etc., and other machined articles are pickled. 

In the preparation of copper, bronze and brass for cadmium plat¬ 
ing, the procedures followed are somewhat different than the ones 
generally employed for the cleaning of steel. That this is necessary 
is evident, when the difference in the chemical content of the two 
groups of metals is considered. Brass, especially the zinc variety, 
is easily dissolved in strong alkaline cleaners. 

All metals under consideration are easily tarnished by the 
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atmosphere. The tarnish has to be removed before plating. Special 
cleaners developed for these metals should be used, if a good plating 
is required. Tarnish is easily removed in a 50 - 50 muriatic acid 
dipping. A cold water rinse follows and the work is then ready for 
plating. 

With all these precautions necessary for the protection of steel, 
it should be apparent that the cadmium plating fitting should in no 
way be abused during assembly. 

The following are a few of the "aon'ts" which should be guarded 
against when handling these fittings: 

1. Never file a plated fitting, unless it is intended to be re¬ 
plated afterwards. 

2. Don't weld or braze after plating. The heat from welding 
torches not only destroys the cadmium plating but also the quality of 
the steel is destroyed. The cadmium deposit merely becomes alloyed 
with the steel. 

3. Don't use a deep scriber or make deep incisions on any lay¬ 
out work. Always use good grade lead pencils. 

If it should be necessary to drill for bolt or rivet holes after 
plating, paint or grease must always be used to protect unplated edges 
of the drilled holes before inserting the bolt or rivet. 

If these precautions are taken, a very good corrosion-free in¬ 
stallation can be made. Should you at any time receive plated fittings 
to install that show signs of a plating deterioration, report the fact 
to the person in charge of the installation or to the inspection depart¬ 
ment . 

ZINC PLATING 

This is sometimes called galvanizing. In this process, steel 

sheets are galvanized. It is still used in the case of commercial 
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work, but seldom for aircraft. Galvanizing is not so effective in 
resisting corrosion as cadmium plating. 

SHERARDIZING 

Parts are sherardized by keeping them in an atmosphere of zinc 
oxide. The zinc combines with the surface of the metal, thereby in 
creasing its hardness, durability and corrosion resistance. The 
process of sherardizing is carried out by heating the part in a 
closed rotating chamber, which contains zinc oxide, at a tempera¬ 
ture of about 700°F. Sherardizing is not considered to be as ef¬ 
fective as zinc or cadmium plating. 

PARKERIZING 

This consists of heating the part to be treated in a bath of 
dilute iron phosphate at a temperature of about 212°F. An excel¬ 
lent surface for painting is provided by this method. It is often 
used in tubular, members, which cannot be electro-plated, and is 
particularly desirable in certain types of seaplane construction 
where moisture is frequently trapped in crevices or inside tubular 
members. 

Bonderizing is about the same as Parkerizing. So, also, is 
Coflettizing. Ranodizing is an electro-plating process by which 
zinc phosphate is deposited on the surface treated. Metallizing is 
a surface application of molten metal on any solid base material. 

ANODIC TREATMENT 

Aluminum alloy, like all other metals, is subject to corrosion 
It is, however, superior to steel in some respects. To help alum¬ 
inum alloy to withstand corrosive agents, such as salt water, etc., 
there has been developed a very important process called "anodic" 
treatment. By this process, a very hard and transparent coating is 
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electro-chemically formed over the surface of the metal. The physical 
properties of this coating are such that the coated aluminum may be 
polished on a buffing lathe, bent and stamped, and even drawn deeply 
without destroying the coating. 

Government agencies require the anodic treatment of all alum¬ 
inum and aluminum alloys other than alclad. 

ANODIC OXIDATION 

When aluminum is used as an anode in a suitable electrolyte, 
it becomes coated with a uniform, fine-textured, hard and adherent 
oxide film. The structure of the film contains fine pores, allow¬ 
ing the passage of the current, so that, theoretically, the process 
may be continued to produce a film of any required thickness. But, 
according to recent test on the thickness of film in relation to 
breakdown, a practical limit exists, above which the pores do not 
allow of equal current density over the whole surface, the film, 
consequently, being no longer uniform. 

Different explanations have been given of this formation by 
electrolysis of aluminum oxide: 

1. The explanation from the standpoint of chemistry is that 
aluminum goes into solution nascent hydrogen and precipitates the 
hydroxide. 

2. The electro-chemical explanation depends on the nascence at 
the (aluminum) anode of oxygen, which combines with the hydrogen 
generated, hence giving rise to hydroxide formation. 

3. Electrical, in that the gaseous film formings are continual¬ 
ly undergoing a breakdown effect, giving rise to temperatures suf¬ 
ficiently high to age and harden the hydroxide, even to the extent 

of forming ultimately a crystalline aluminum oxide. 
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Anodic treatment is applicable not only to aluminum, but to 
most of its alloys, except those with copper content of more than 
5$, and the metal may be either heat treated, aged, or in the an¬ 
nealed condition. 

The modifications of the process depend on the use of different 
electrolytes. 

THE PROCESS 

The process consists, as previously explained, in the electro¬ 
lytic oxidation of the surface of the aluminum or aluminum alloy by 
treating it as an anode in a solution of chromic acid. The oxide or 
hydroxide is formed as a film on the aluminum or alloy anode when 
the applied E.M.F. (volts) is raised by the operator to a definite 
value. The maximum value to which the voltage may be raised without 
causing breakdown of the film depends upon the composition of the 
alloy and other factors. 

The following is the method of treatment: 

The material is first thoroughly washed in an approved cleaner, 
preferably a soap solution free of caustic or other ingredients 
likely to damage the metal. The temperature of the cleaner should 
be maintained at about 180°F. After thoroughly washing, the 
material to be anodized should be placed in a solution containing 
from 5$ to 10$ chromic acid, the temperature of which should be held 
at 95° and maintained within the limits of 2° plus or minus. The 
metal acting as the anode should be on the plus side and the negative 
or cathode can be the steel tank containing the electrolyte. Means 
must be provided for agitating the solution, in order to promote 
uniform temperature conditions during the process. The treatment 
can be commenced by raising the voltage across the bath gradually 
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from zero to 40 volts at a rate not exceeding 5 volts per minute. 

The 40 volts should be held for 35 minutes to complete the treat¬ 
ment. The metal treated should then be washed in hot water and 
dried. 

The electrical energy is obtained from a D. C. electric gener¬ 
ator set of suitable size and voltage. Voltage regulation is ob¬ 
tained by means of a variable resistance in series with the field 
coils of the generator controlled by hand. 

Experience has shown that the article under treatment, if com¬ 
pletely immersed, must consist entirely of aluminum, duraluminum, or 
a suitable aluminum alloy. Pieces of duraluminum have been treated 
successfully by complete immersion after binding one end of a piece 
of aluminum wire lightly around them. It is very necessary to insure 
that the connections are tight, otherwise a formation of a film 
between the surfaces of contact wire form a bond, the current after¬ 
wards flowing through the wire only. With small pieces, the contact 
is particularly likely to fail. The weight and length of large 
pieces, on the other hand enables higher pressures to be maintained 
at the contact surfaces. In very large pieces it has been found 
more convenient to treat them by double immersion, each immersion 
covering rather more than half of the surface of the piece, so that 

I* I. 

no part remains untreated. In this case one small portion receives 
actually two treatments, due to the overlapping. The effect of the 
double treatment is to leave a very noticeable band across the 
piece, corresponding to the surface of the solution during the 
second immersion. 

The color of the band is different from that of the rest of 
the surface and the film appears to be more transparent. The film 
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showing this band has been found to be perfectly continuous and, 
although the color of the band was different from the rest, no 
other irregularity appears. 

The double treatment procedure necessitates penetration of the 
film in order to secure contact for the electrical connection during 
the second immersion. For this purpose, spring clips having sharp 
points have been found satisfactory. These must be of sufficient 
size and in sufficient numbers to carry the current required for 
the treatment of the work. 

The effect of using the spring clips is that, after treatment, 
the material treated has several very small spots free from coating. 
This must be so, whatever the method of treatment may be, as elec¬ 
trical contact must be made at some point on the surface of the 
piece. The spring clip method would appear to reduce the amount of 
bare surface to a minimum. 

In recent tests, good samples of aluminum or aluminum alloy 
sheet required a current density of 1-1/2 to 2-amps, per square foot 
as a minimum. It is usually found to vary to a considerable extent. 
It is high in samples of aluminum which have a rough surface, or 
are unsound. This effect may be attributed to the surface being ap¬ 
preciably greater than in the case of smooth, sound metal. In many 
cases, yellow stains appear on the work, even after prolonged wash¬ 
ing in water. This was due to chromic acid remaining in minute 
cracks and fine flaws. In some cases, the stains revealed cracks 
which could not have been detected except under the microscope. 

Standard treatment of a sample of aluminum sheet having a good 
surface and not having been worked in any way requires a current 
density of 1-1/2 amperes minimum per square foot of surface. 
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Experience has indicated that a satisfactory film is produced if the 
current density is not less than this amount, after the initial peak 
is passed. Addition of chromic acid should be made when the average 
current density is below this minimum. 

Aluminum in contact with steel, brass, copper or other metal 
cannot be treated satisfactorily. Pieces of aluminum joined by 
riveting with aluminum rivets and by welding can be treated satis¬ 
factorily, provided certain precautions are observed. 

The influence of anodic treatment on the physical properties 
of aluminum or aluminum alloy sheet does not influence the tensile 
strength of the metal. Severe bending or other deformation does not 
cause flaking of the film, but does result in microscopic fissures 
through which corrosive agencies gain ready access. 

The actual weight of the film found upon samples of aluminum 
already examined was found to vary between 0.005 and 0.070 gm. per 
square inch of surface. The latter figure is obtained frequently 

♦ 

with light rolled aluminum sheet. 

Standard treatment of specimens of duraluminum proceed in the 
same way as with aluminum; but, in general, the current density re¬ 
quired, in order to follow the standard voltage curves, is higher. 

Anodic treatment of a piece of sand blasted duraluminum usually 
requires a current density of 24 - amps, per square foot for a short 
time after the commencement of treatment. While a piece of the 
same sheet treated as rolled required a normal current density. 

It is possible to anodize successfully the majority of the 
casting alloys, with exception to alloys containing higher than 5 % 
copper. 
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Corrosion Tests on Anodically Treated 
Aluminum and Aluminum Alloys 

In the use of the anodic oaixation process as a means for 
protecting duraluminum against corrosion, a supplementing treat¬ 
ment, whereby a thin grease film is formed over the entire surface, 
is recommended. Lanolin has generally been used for this purpose. 

It is usually diluted with benzine. 

The results of tensile tests of duraluminum specimens which 
had been given the anodic oxidation treatment previous to being used 
in accelerated corrosion tests of the kind already described showed 
that the side film, even without greasing, afforded a very consider¬ 
able degree of protection against inter-crystalline corrosion, when 
a mildly corrosive solution, such as dilute hydrogen peroxide solu¬ 
tion, was used. With a severely corrosive agent, such as the solu¬ 
tion containing both sodium chloride and hydrogen peroxide, the 
results showed that the protective oxide film was broken down, al¬ 
though there was some indication that the attack had been retarded 
appreciably in the early part of the exposure period. 

Thirty day salt spray test, in which the corrosive medium con¬ 
sists of a 20$ solution, is the usual prescribed acceptance test for 
satisfactory anodic oxidizing. 

Rupture of the film after treatment permits local corrosion and 
every precaution should be taken to prevent even slight abrasions. 
The excellent adherence of paint coatings on anodized surfaces is 
one of the advantages of the treatment and care should be taken to 
prevent soiling before painting. Parts unavoidably soiled may be 
cleaned with carbon tetrachloride or wash thinner, etc., or any sub¬ 
ject free of oil. Otherwise, anodized parts should not be given 
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any treatment before painting, which should be done immediately 
after anodic treatment. 

The anodic film is somewhat fragile and care should be taken 
that some protection is afforded the sheets or parts that are being 
processed through the shops. Scratches rupture the film and would 
obviously destroy the efficiency of the coating in those places. 

After anodizing, the parts should not be handled by dirty or greasy 
hands, as the absorbent nature of the film will retain a certain 
amount of oil and will, in consequence, spoil the bond for subsequent 
paint operations. 

As soon as possible after anodic treatment, the articles should 
be primed, as the film itself gradually loses its absorbent nature. 

It air hardens, becoming quite hard after a period of time. 

Work in the shops should be so arranged that the least amount of 
work, such as drilling, filing or cutting need be done on parts 
treated. It will be seen that filed or cut edges after anodizing 
will be thus unprotected. 

Avoid the use of lead pencil markings on anodized sheets or 
parts, but use a soft indelible pencil. Lead pencils are hard and 
tend to rupture the film. Ink inspection marks should also be 
avoided, as the ink tends to act as a stop-off for subsequent primer 
coats v 

PRIMING AND PAINTING 

The use of primers and paints in aircraft has a two-fold purpose 
the first, for decorative finish; and, the second, as an auxiliary to 
prior protective finishes, such as anodic and cadmium plating pro¬ 
cesses in assisting further to make the airplane more resistant to 
corrosion. 

In treating steel fabricated parts or forgings, a coat of primer 
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is applied as soon as possible after the cadmium plating process. 

It is then given a coat of.lacquer or enamel of specified color. In 
treating a fabricated tubular assembly similar to an engine mount, 
the exterior is treated in the same way as other steel parts. The 
interior is flushed with a varnish or oiled through a series of small 
holes drilled in the tubes. The varnish is ‘forced into these holes 
under air pressure. The asembly is then allowed to drain and the 
holes are then plugged up with screws. 

In steel assemblies that are too large to have access to the 
cadmium plating tanks, sand blasting to remove scale or grease before 
priming is resorted to. They are then given the usual specified 
paint finish. 

Aluminum alloy has also to be treated by a paint operation. With 
dural, immediately after anodizing it receives a coat of primer and, 
after assembly, as in the case of fuselages, etc., a finish coat of 
lacquer or paint is applied. All rivets and bolts that have been 
added after the priming operation must receive a coat of primer 
before the final finish is applied. 

In the case of alclad, which does not receive an anodizing 
treatment, a coat of primer is applied after the parts are fabricated. 
This helps to protect the metal from scratches during assembly. A 
finish coat is then applied in the same manner as the dural. If 
the specifications call for a natural metal finish for the exterior, 
the primer coat is removed after the airplane is completed. 

In all cases, primer is applied to the interior structure. 

There are different paint specifications for Army and Navy aircraft. 
These specifications do not concern the shop man nor are they of 
any interest to him. Both branches of the service, however, have 
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their own processes that have to be met by the man assembling the 
airplane. 

For any type of Naval aircraft, it is required that primer 
must be used in all holes for bolts and rivets and the assembly made 
secure before the primer has had a chance to drain. After the seams 
are riveted, a coat of primer must be applied to the rivets as soon 
as possible and in no case must completed work be left over night 
without primer. It is also necessary that the inside surface of all 
seams have at least two coats of primer before assembly. These pre¬ 
cautions are necessary, inasmuch as Naval aircraft is exposed to 
salt water, which, as stated before, ranks as one of the most cor¬ 
rosive agents known for aluminum alloy or steels. 

The aircraft for Army uses does not encounter these conditions 
in general, so these costly precautions are not required. The air 
corps is, however, very strict in their specifications. All interior 
or closed assemblies must be fully covered with primer or lacquer 
before the final closing of the section is accomplished. Before the 
final closing section, the air corps inspector checks the interior 
and demands a repaint of the assembly, if it has been scratched or 
otherwise defaced. 
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AIRCRAFT TERMS AND SYMBOLS 

In order to standardize on supplies for replacements, the 
aircraft industry has developed what one might term a language of 
its own—a language which you must now make your own. You have 
been given in the lecture on the "Airplane" nomenclature of 
terms used for the airplane and its component parts. 

This assignment deals with the hardware terms and symbols 
used for such supplies as nuts, bolts, etc., common to airplanes. 

Add all these to your vocabulary. 

There is no such thing as a 3/16” diameter bolt in the air¬ 
craft industry. When you think of such a bolt or tell a person 
to use a 3/16" diameter bolt, you leave it up to the discretion 
of the person assembling the bolt whether he should use a steel, 
iron, brass, or a bolt made of any material he thinks best. To 
eliminate the danger of the use of the wrong kind or type of 
accessory, there has been created a series of symbols, which in¬ 
dicate the size, type, material and finish of the article designated. 
Thus, if we are to use a 3/16" diameter bolt 1/2" long, the designer 
would call for "AN3-4" bolt". If you will look at the chart marked 
AN3 attached to this lecture and study it for a short time, you 
will find it self-explanatory. In the title block there is 
specified size, diameter, and threads per inch. If you will glance 
down the column marked "DASH NO’s" until you come to figure "4", 
you will find opposite in the column "L" the length of the bolt. 

In this case, 1/2". Thus, we need a bolt 3/16" in diameter and 
1/2" long. A further glance at the engineering information will 
reveal a demand for bolts giving a certain strength. To achieve 
this strength, the designer has to resort to a nickel alloy steel. 
This steel has in turn its own symbol; namely, 57-107-17, and is 
equivalent to the SAE 2330 nickel content steel. 
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You will further see that there are heat treated specifica¬ 
tions. Also, the permissible manufacture of tolerances. It can 

plainly be seen why with these special requirements a code had 
to be established. 

The prefix letters AN signify that the specified part has 
the approval of both the Army and the Navy air forces. (The 
letter A, Army; N, Navy.) Any article so listed has also been 
approved by the Department of Commerce for use in civil aircraft. 
This eliminates an additional list which would lead to confusion. 
It is recommended that you study the following classifica- 
and become familiar with them. Use the terms whenever you 
can in school and you will have no difficulty in memorizing them. 
The first page is a condensed list of practically all articles 
of hardware used in aircraft. The rest of the classifications 
will give a description of the most commonly used parts. 





STANDARD PARTS 




The following is a list of 

Air Corps Standard Sheets by number which 

is also 

the basic number of the parts listed thereon. The latest issue, as indicated by 

the date of the standards sheet 

will be furnished upon 

request if upon check of 

the parts required for this job 

it is found that 

your 

files do not contain the 

latest 

issue 

as indicated by the date listed herein. 



Number 

Name 

Date 

Number 

Name 

Date 

ANi 

Bolt - 

Hex. Hd. #10 

2-8-34 

AN250 

Hinge 

- Butt 

8-29-27 

A5T4 

II 

" " 1/4 

ii 

AN251 

ii 

Continuous 

5-16-34 

AN 5 

II 

'• " 5/16 

ii 

w 270 

Joint 

-Aircraft-Universal 

9-5-34 

AN 6 

II 

ii i» 3/8 

ii 

/AN275 

ti 

Ball & Socket 

6-8-31 

AN 7 

II 

« •< 7/16 

ii 

276 

ii 

ii ii 

4-8-33 

AN 8 

II 

« ■' 1/2 

ii 

AN280 

Key - 

Woodruff 

5-18-34 

AN 9 

It 

•' » 9/16 

ii 

AN28 5 

Lubricator-Pressure Type 

6-13-34 

AN 10 

II 

•• •' 5/3 

it 

290 

Cup - 

Grease 

2-8-34 

AN 12 

II 

ii *i 3/4 

ti 

295 

ii 

Oil 

ti 

AN 14 

II 

" » 7/8 

ii 

300 

Nail 

- Common Brad 

3-22-26 

AN 16 

II 

II II 1 

ii 

AN301 

»• — 

Ft.Hd.Cement Coated 

5-1-29 

AN 23 

It 

Clevis #10 

12-1-32 

AN302 

Pin - 

Escutcheon 

6-24-29 

*AN~24 

II 

•' 1/4 

9-21-34 

303 

Nail- 

Upholsters-Oval 

3-20-34 

ft AN 25 

It 

•' 5/16 

it 

AN31Q 

Ttjjsri 

Nut - 

Castle Aircraft 

11-18-31 

WAN 26 

II 

.. 3/8 

it 

it 

Plain " 

it 

WAN 27 

II 

11 7/16 

ii 

- AN316 

ii 

Check " 

12-3-32 

WAN 28 

II 

" 1/2 

ii 

AN320 

ii 

Shear Castle 

2-14-33 

WAN 29 

II 

» 9/16 

9-5-34 

3F5' 

it 

Plain Hex.(Fine) 

2-8-34 

WAN 30 

II 

'• 5/8 

ii 

330 

ii 

Castle S*A*E« 

8-2-32 

WAN 32 

II 

" 3/4 

ii 

335 

ii 

Plain Hex.(Coarse) 

2-3-34 

WAN 34 

II 

" 7/8 

ii 

,343; 

lr 

Mach. Screw •• 

2-8-34 

WAN 36 

It 

" 1 

ii 

AN345 - ' 

it 

" " (Fine) 

5-18-34 

AN 42, 

11 

Eye 3/16 pin #10 

2-8-34 

AN350 

it 

Wing 

2-8-34 

AN 43 

11 

" 3/16 " 1/4 

ii 

WAN355 

ii 

Slotted Engine 

9-21-34 

AN 44 
AN 45 

II 

» 1/4 « 5/16 

•• 5/16 « 5/16 

it 

«• 365 

ii 

Self Locking 

6-21-34 

11 

it 

w J*ftft - 

_ » 

Plate 

9-5-34 

AN 46 

II 

'• 3/8 11 3/8 

ii 

yJSfiZ. 

A 

" Countersunk 

ii 

AN 47 
AN 48 

It 

•' 3/8 " 7/16 

" 7/16 '• 1/2 

n 

ii 

/ AN380^> 
— T>8 5 

Pin- 

Cotter 

Taper 

10-31-33 

8-2-32 

AN 49 

II 

>' 1/2 11 9/16 

ii 

386 

II 

" -Threaded 

3-20-34 

60 

II 

Hex.Hd.Fine Thd. 

8-2-32 

AN392 

II 

Flat Head 1/8 

9-14-33 

65 

II 

Hex.Hd.Coarse Thd. 

ii 

AN393 

11 

" " 3/16 

it 

70 

II 

Carriage,with Nut 

ii 

AN394 

II 

ii ii 1/4 

ii 

ANI 00 

Thimble - Wire Cable 

2-8-34 

AN39 5 

II 

" " 5/16 

ii 

AN110 

Bushing - Cable 

5-18-34 

AN396 

II 

" » 3/8 

ii 

ANI 15 

Shackle - Cable 

6-8-31 

AN397 

II 

" " 7/16 

it 

ANI 30 

Cable 

- Eye & Fork 

11-18-31 

AN398 

II 

" •* 1/2 

ii 

ANl 3 5 

ii 

" « pin Eye 

ii 

AN399 

II 

" " 9/16 

ii 

ANI 40 

it 

Eyes 

ii 

AN400 

II 

" " 5/8 

it 

ANl 55 

Barrel 

- Turnbuckle 

ii 

A.N402 

II 

•i ii 3/4 

5-10-34 

ANI 60 

Fork - 

Turnbuckle 

ii 

AN404 

It 

" »• 7/8 

II 

ANl 65 

Eye - 

Turnbuckle for pin 

it 

AN406 

II 

ii „ i 

II 

ANl 70 

ii 

Turnbuckle Cable 

6-7-32 

AN415 

II 

Lock 

5-18-34 

AN200 

Bearing - Aircraft 

2-8-33 

AN420 

Rivet 

- C * s unk Hd. 

1-6-32 

AN210 

pulley 

- Control 

5-21-34 

425 

it 

ii ii 

ii 

/AN211 

Spacer 

- Pulley 

ii 

AN430 

H 

Round " 

ii 

224 

Fastener - Snap 

10-31-33 

AN435 

ti 

it it 

ii 

225 

Fastener - “Lift The Dot’ 1 

2-8-34 

l 440 

ii 

Flat Hd. Tinners 

7-12-29 

AN226 

ti 

Cowl-post Type 

5-18-34 

AN441 

it 

Flat Hd. 

1-6-32 

AN230 

Grommets - plain <5t Spur 

2-8-34 

AN442 

it 

II II 

it 

235 

Hooks 

- Lacing 

11-18-31 

445 

ti 

Belt, Copper 

3-22-26 

AN240 

Eyelet 

- Lacing 

5-1-29 

450 

it 

Tubular 

5-18-34 





























Number 


Maine 


Date 


Number 


Name 


Date 


AM455 

/ 480 

AN481 
/ 48 5 

AN48 6 
AN490 
«■ 500 

* 501 

AN 502 
505 
AN510 
515 
AN520 
AN 5 30 
AN531 
AN535 
540 
AN545 
AN550 
560 

565 

566 

570 
650 
660 
AN661 
AN665 
AN671 
AN671A 
AN673 
AN673A 
AN674 
AN674a 
AN67 5 
AN675A 
AN676 
AN676A 
AN677 
AN677A 
AN678 
AN678A 
AN679 

AN679A 

AN 680 

AN680a 

AN682 

AN68 2A 

AN701 

AM701A 

AM703 

AN703A 

A' t 704 

AN704A 

AM705 

AM705A 

AN706 

AN706A 

AN707 

AN707A 

AM708 

AN708A 


Rivet - Brazier Head 

Clevis - Rod End 3razing 

II II II ' H 

" " " Adjusting 

II II II M 

Rod End-Threaded Brazing 
Screw-Fil.Hd. Crse. Thd. 
" " " Fine 

H ii it H 

" Flat Hd.Crse. 

" M F i ne 

" Rd.Kd. Crse. Thd 
H ii ii Fine » 

" « « Sheet Metal 

" Flat Hd. " " 

" Rd. Hd. Drive 
" Lag-Gimlet point 
" Rd. Hd. (Wood) 

" Flat Hd. (Wood) 

M Set - sq- Hd. 

M Headless Set 

ii ii 

(Mach, screw sizes) 
Bushing - Screw 
Tag - Identification 
Terminal - Electrical 
" Spark Plug 

Clevis - Tie Rod - Rigid 
Tie Rod Strmlne #6 AC Std. 

. #6 SAE 

. . #10 AC 

" " " #10 SAE 

" " " 1/4 AC 

" " " 1/4 SAE 

" " " 5/16 AC 

" " " 5/16 SAE 

" " " 3/8 AC 

" " " 3/8 SAE " 

" " " 7/16 AC " 

" " " 7/16 SAE " 

" " " 1/2 AC " 

" " " 1/2 SAE " 

" " " 9/16 AC " 

" " " 9/16 SAE " 

" " " 5/8 AC " 

" " " 5/8 SAE " 

" " " 3/4 AC 

" " " 3/4 SAE " 

" " Internal #6 AC " 

" " " #6 SAE " 

" " " #10 AC " 

" " " #10 SAE " 

" " " 1/4 AC " 

" " " 1/4 SAE " 

" " " 5/16 AC " 

" " " 5/16 SAE " 

" " " 3/8 AC " 

" " " 3/8 SAE " 

" " " 7/16 AC " 

" " " 7/16 SAE " 

" " " 1/2 AC " 

" « " 1/2 SAE » 


2-8-34 

9-28-28 

11-18-31 

9-28-28 

2- 25-32 
5-21-34 
9-21-34 

It 

3- 20-34 
5-20-33 
5-18-34 
5-20-33 
5-18-34 
2-8-34 


3-22-26 

1- 20-32 

ii 

3-22-26 

5-21-34 

3-20-34 

3-22-26 

2- 8-34 
5-18-34 

2-8-34 

5-18-34 

6-8-31 


10-8-31 

it 

6-8-31 


735 
AN740 
745 
750 
755 
765 
770 
AN771 
AN780 
AN785 
AN790 
791 
AN79 5 
AN800 
AN805 
810 
835 
8 50 
851 
860 
865 
8 66 
8 67 
AN875 
880 
881 
*AN885 
/AN890 
AN891 
892 
89 5 
AN900 

905 

906 

907 
930 

AN931 

AN92l5^ 


Clamp - Bonding 
" Tube 

" Hose 

Clip - Tube, Open Type 

" " Loop « 

Cock - Shut off 
" Drain 

" ” Screw Type 

Nipple - union 
Coupling-Union (Brazing) 
Elbow - union 
M " 45° 

Tee - union 
Cone - union 
Nut - union 
Fitting - Solderless 
Nipple-Hose, Fuel & Oil 
Elbow-Hose, Fuel & Oil 
" " 45°, Fuel So Oil 

Flange-Tube Reinforcing 
" Pipe - Riveting 
" Strt.Thds. » 

" Pipe Welding 
Liner - Hose 
Hose - Water 

" Cooling Liquid 
" Fuel & Oil 
Fittings & Pump Primer 
Cross - Primer & Gage 
Elbow - Hose - oil Drain 
Fitting - pipe 
Gasket-Annular Copper Asfc 
Plug - Hex. Hd. Locking 
M Sq-Hd. L* Tapped 
M M " Locking 

Grommets - Rubber 


5-11-34 


2-25-32 


940 
945 
950 
955 

AN970 
995 
AN996 


-■Wwher - Spring Lock 
Burr 

-Plain Coml. std. 
Ball Socket 
Ball Seat 
Plain 

Flat for Wood 
Lock 


Wire 


Ring - Lock 


5-10-34 

5-9-34 

2-8-34 

12-20-28 

ii 

2-8-34 

tt 

5-21-34 

5-20-33 

2-4-33 

5-20-33 

it 

2-4-33 

5-10-33 

2-4-33 

2-8-34 

5-20-33 

2-8-34 

5- 20-33 
3-22-26 
9-19-32 

I- 27-28 
4-3-33 

3-22-26 
18-32 

n 

8-24-34 

2-7-33 

2-4-33 

5- 20-33 
5-21-34 

2-8-34 
2-4-33 
5-18-34 
5-18-34 
5-14-29 
20-32 
7-16-32 

6- 7-32 
3-22-26 

II- 1-26 
n 

2-8-34 

11-1-26 

3-22-26 

6- 8-31 


/ Inactive for Design 
* Denotes Changed & New 


Revised 9-27-34 


Pi r 


poses 

Sheets 



















REVISED //-/tf-J/. f-n-XA 


u. S. ARMY AIR CORPS, MATERIEL DIVISION. DAYTON. OHIO 



STAMP HEAP 

SEE TABLE 


.01* MAX. 


-THD.*l0-32 NT-3. 

PITCH DIA. .1697 +1293 

DRILL*50 C 070 ) 

CHAMFER 45*X. ja OR 
ROUND END O PTIONAL . 
END RADIUS 4_ 


— MAX. TWO IMPERFECT THbs. 


CHAMFER ON BOTTOM FACE 
15* TO DIM. 4 - OPTIONAL. 


Th'DS. ARE NATIONAL SCREW TKD. COL. LEDIUi: FIT CLASS 3 SY’^nr >-r , 
STEEL BOLT SIZES SPECIFIED TO BE LET AFTER PLATImg 3- SY ~ 30L - F - 3 - 



MAT'L. 


HEAD 

LARK 

STAND. PLAIN NUT 

&r./\L,L* DC, 

STAND. CASTLE NUT 

V IV ARMY Pi 

COTTER PIN 

is ions_ 

STRENGTH 
FULL CIA. 

T. STGTK 
AT 







SINGLE SH'R 

ROOT DIA. 

* 

AN315-3R 

MAX.GRIP 
* G 4 1/6 

AN310-3 

LjIX.GR IP 

A v 380-2-2 

1840# 

1740# 

NONE 

AN315D3R 

AN310D3 

= 0 4 7/64 

AN380-2-2 

849# 

960# 


STEEL 

■aTu;.-:' 

ALLOY 


" ' ; - w*^*M*M uxn • un ffJLU A 4/d LO\ T G 

AN3D4 ^ 30LT AL'JL. ALLOY 3/16 DIA. OR #10 X 4/8 LONG 


MANUFACTURING SPEC. 29-59 


APPROVED 


3-22-86 


AIR CORPS STOCK CLASSIFICATION 04A 

ARMY A. NAVY S’D. 

BOLT - HEX. HD. AIRCRAFT, DRILLED FOR COTTER #10-32 

AN 3 



































































































REVI SED //-/£- 3/, J2-/-3 Z 


±1 S. ARMY AIR CORPS, MATERIEL DIVISION, DAYTON, OHIO 



ON HEAD OF 

EACH BOLT. 


L _l4l i - 005 

n i n *005 MIN. 
r\/\U..0IA MAX. 


TH , pyiO-32 N F-3. 

PITCH DIA. .1697 

AFTER PLATING. 

DR ILL*50 ( .070 ) 

CHAMFER 45*x j»OR 
ROUND END O P TIONAL. 
END RADIUS . 


TKDS. ARE NATIONAL SCREW THD. COM. MEDIUM FIT, CLASS 3, SYMBOL NF-3. 


ENGINEER IMG INFORMAT ION 


L. 


CASTLE SH'R NUT 

COTTER PIN 

STRENGTH SINGLE SH'R 

AN320-3 

AN330-2-2 

1840# 


CODE - AN23-3 = 30LT 3/16 DIA. X 8/16 LONG 
N0TE: WITH D A A 3/16 CLEVIS°PIN IS HELD T0 * 186 T ° “ AKE IT ™ TE *CHANGEABLE 


MATERIAL 57-107-17 STEEL 
HEAT TREAT -- 185,000# T.S. PER SQ. IN. 

MANUFACTURING SPEC. 29-59 
LIMITS ON DIMENSIONS ± .010 UNLESS OTHERWISE SPECIFIED 


ACTUAL SINGLE SHEAR STRENGTH 2130# 

B/M 


DASH 

NOS. 

L'GTH 

GRIP 

DASH 

NOS. 

L'GTH 

GRIP 

DASH 

NOS. 

L'GTH 

GRIP 

DASH 

NOS. 

L'GTH 

GRIP 

8 

1/2 

3/16 

19 

1 3/16 

7/8 

30 

1 7/8 

1 9/16 

50 

3 1/8 

2 13/16 

9 ) 9/16 

1/4 

20 

1 1/4 

15/16 

31 

1 15/16- 

1 5/8 

52 

3 1/4 

2 15/16 

10 : 

| 5/8 

5/16 

21 

1 5/16 

1 

32 

2 

1 11/16 

54 

3 3/8 

3 1/16 

ni 

--j 

l11/16 

f-•) 

3/8 

22 

1 3/8 

1 1/16 

34 

2 1/8 

1 13/16 

56 

3 1/2 

3 3/16 

12 j 

3/4 

7/16 

23 

1 7/16 

1 1/8 

36 

2 1/4 

1 15/16 

58 

3 5/8 

3 5/16 

13 

13/16 j 

1/2 

24 

1 1/2 

1 3/16 

38 

2 3/8 

2 1/16 

60 

3 3/4 

3 7/16 

14 

- i 

7/8 

9/16 

25 

1 9/16 

1 1/4 

40 

2 1/2 

2 3/16 

62 

3 7/8 

3 9/16 

15 

15/16 

5/8 

— 

26 
|- 

1 5/8 

1 5/16 

42 

2 5/8 

2 5/16 

64 

4 

3 11/16 

16 ' 

1 

11/16 

1 27 

1- 

1 11/16 

-1 

1 3/8 

44 

2 3/4 

2 7/16 




17 j 

1 1/16 

3/4 

28 

1 3/4 

1 7/16 

46 

2 7/8 

2 9/16 




lb i 

i i/e | 

13/16 

2S 

1 13/16 

1 1/2 

48 

3 

2 11/16 





APPROVED 


3-22-26 


AIR CORPS STOCK CLASSIFICATION 04A 


BOLT - CLEVIS #10-32 


IN ORDERING GIVE PART NO.,NAME,DIA. THDS. AND LENGTH 


ARMY 1 NAVY STD. 


AN 23 










































































































































2 t>£’&-2r f 7e~Q-i aasiAau 


U. S. ARMY AIR CORPS. MATERIEL DIVISION. DAYTON. OHIO 



-. 1251.003 


STAMP »ON HEAD OF EACH BOLT- 


th'd. —28 Nr-a. 
PITCH DIA..2266jln°°°~ 

AFTER PLATING. 


— DRILL*48 f.076l 

CHAMFER 45°X ^Lor 
ROUND END O PTIONAL 
END RADIUS- f-' 


•01 TO .015 r REE PROM TOOL MARKS. 


THREADS ARE NATIONAL SCREW THREAD COM. MEDIUM FIT, CLASS 3, SYMBOL NF-3 


DASH 

NOS. 

L 

G 

DASH 

NOS. 

L 

G 

DASH 
NOS. 

L 

1- 

G 

DASH 
VOS. 

L 

G 

2 

— iA 

0 

22 

2 1/4 

|1 13/1*6** 


'4 1/4 

"3 13/16 = 


£ 1 //I 

C 1 *r /•» r 

3 

— 

0 

23 

2 3/8 

1 15/16 

43 

4 3/8 

3 15/16 

- -EL&_ 

-w 1/4 

A 3 /A 

.2-/13/16 

c T c /I c 

4 

1/2 

1/16 

24 

2 l/2 

^21/16 

44 

4 1/2 

-sl r/ ^ hi _ 

4 1/16 

_V ^ 

64 

-2—>2/ g 

6 1/2 

-2—1 0 /1 6 

6 1 /l A 

5 

5/8 

** / j 

3/16 

25 

2 5/8 

2 3/16 

I45 

4 5/8 

4 3/16 

- _ 

65 

-iZ— <*■/ *■> 

6 5/8 

—5? .1/1 g 

6 3 V A 

D 

-t75- 

5/16 

26 

2 3/4 

2 5/16 

46 

r 4 3/4 

4 5/16 

66 

6 3/4 

—2_ 0 / 

A 3/1 A 

7 

^ /N A 

7/Q 

7/16 

27 

2 7/8 

2 7/16 

47 

4 7/8 

14 7/16 

67 

-as-« 

6 7/8 

A 'Vi A 

10 

1 

9/l 6 

30 

3 

' 2 9/16 

r 50 

5 

~4'9/16 

70 

7 

c • / i 0 

A Q/U 

11 

1 1/8 

.H7TT 


337e~ 

2 11/16 

51 j 

5 1/8. 

4 11716 

71 

7 1/8 

O G7/ 1 D 

6 1 1 /l A 

12 


13/16 

32 

3 1/4 

2 13/16 

52 

5 17T 

4 lz/TeT 

72 

7 1/4 

O 11/10 

A 1 3 /I A 

13 

1 3/8 

% i y 

15/16 

33 

3 3/8 

2 15/16 

53 

5 s/tT 

4 15/16 

73 

r i/j* 

7 3/8 

c 10 / 1 0 

A 1 S/1 A 

14 

1 1/2 

1 1/16 

34 

sJ/ 2 

■3 1/16 

54 

5 1/2 

5 1/16 

74 

7 1/2 

± vJ/ 1 yj 

7 1 /I A 

15 

1 5/8 

1 3/16 

35 

3 5/8 

3 3/16 

55 

5 5/8 

5 3/16 

75 

—1_A/ 

7 5/8 

--L_1/ 1 

7 3/16 

16 

—— 

1 3/4 

1 5/16 

36 

3 3/4 

3 5/16 

56 

'5 3/4 

5 5/16 

76 

7 3/4 

7 5/16 

17 

1 7/8 

1 7/T6 ' 

37 

3 7/8 

3 7/16 

57 

5 7/e 

5 7/16 

77 

7 7/8" 

7 7/16 

20 

2 

1 9/16 

40 

4 

-3 9/16 

60 

6 

5 9/16 

30 

8 

7 9/16 

21 

2 1/8 

1 11/16 

41 

"4 1/8 

3 11/16 

61 

6 1/8 

5 11/16 



*?./•*• ° j 


ENGINEERING INFORMATION 

TABULATED STRENGTH SHALL BE USED IN ARMY DESIONS 


STD. PLAIN NUT 

STD. CASTLE NUT 

AWA.-A U 4-* L-/ A J . * ^ 

t. STGTH. 

ROOT DIA. 

3260# 

.0 max. grip 

AN31S-4R =(J + 1/fl 

,„, 10 . MAX. GRIP 
AN310-4 , Q + 1/fl 

SHACKLE 

TIE ROD 

CLEVIS-RIGID 

TURNBUCKLE 

ASSEMBLY 

HOTTER PIN 

AN115-21 

AN665-21R 

AN665-21L 

AN130-21S 

AN130-21L 

AN380-2-2 


CODE - AN43-6 * BOLT 4/16 DIA. X 6/8 LONG 


FOR 2100# CLEVIS 
MATERIAL - 57-107-17 STEEL 

HEAT TREAT - 125,000# T.S. PER SQ. IN. - ACTUAL T.S. 
MANUFACTURING SPEC. 29-59 

LIMITS ON DIMENSIONS ±.010 UNLESS OTHERWISE SPECIFIED 


APPROVED AIR CORPS STOCK CLASSIFICATION 04A 

BOLT - EYE, 3/16 PIN 1/4-28 
3-22-26 __ 


- 4070# 


B/M 

ARMY k NAVY STD. 


AN 43 


























































































































































REVISED 6 -€- 3 / 


U. S. ARMY AIR CORPS, MATERIEL DIVISION, DAYTON . OHIO 



12,500 117,500* SHACKLES 


DASH 

NO. 

SHACKLE 

D 

G 

r 

S 

J 

K 

H 

X 

A 

B 

C 

R 

8 

800 * 

188 

.109 

14 

14 

a/ 

/04 

n/ 

Zt>4 


11/ 

/ft4 

14 

!4 

7 . 

3 4 

16 

1600 * 

.188 

.150 

5 /e 

v* 

1/ 

/64 

"/ 

/«4 

'/•4 

iy 

/ft4 

'A* 

14 

9/ 

/I6 

3 4 

21 

2100* 

.188 

.150 

5 /e 


%* 

'/« 

% 

%4 

A* 

% 

•/ 

/l 6 

3/ 

6 

32 

3200 * 

.250 

203 

7. 


%, 

7 » 

A 

7 . 

A* 

7 . 

3 / 

/4 

T 
/ 16 

46 

4600 * 

.313 

203 

% 

% 

. %9 

7,* 

7 * 

%2 

•/» 


y 

/I6 

1/ 

61 

6100 * 

.375 

203 

•/» 

% 

7 * 

7* 


7 . 

4© 

'/a 

7/ 

/s 

r / 

/2 

80 

8000 * 

375 

266 

% 

■x. 

7 . 

% 

7 . 

7 . 

'4 

7. 

1 

13/ 

/32 

125 

12,500* 

438 

344 

% 

7 U 

13/ 

/32 

'%3 

% 

% 

y 

/32 

5 /s 

1 /ft 

3/ 

,'4 

175 

17,500 * 

500 

.406 

% 

JL 

V 

/16 

7 . 

y* 

7 . 

7 . 

% 

' 14 

V 2 


NOTE - SHACKLES MUST BE 
INSERTED IN THIMBLES 
AN100 BEFORE CABLE IS 
SPLICED OR WRAPPED 


ENGINEERING INFORMATION ONLY 


CABLE STfeTl-J 

THIMBLE 

CLEVIS PIN 

COTTER PIN 

800 * 

AN 100-3 

AN 393-9 

AN 380-2-2 

1600 * 

AN 100-4 

AN 393-11 

AN 380-2-2 

2100 * 

AN 100-4 

AN 393-1 1 

AN380-2-2 

3200 * 

AN 100-5 

AN 394-15 1 

AN380-2-2 

4600# 

AN 100-6 

AN 395-17 

AN 380 -3 3 

6100 * 

“AN 100-7 

AN 396-19 

AN 380-3-3 

8000 * 

AN 100-8 

AN 396-19 

AN 380-3-3 

12 500#- 

AN 100-10 

AN 397-25 

AN 380-3 -3 

17500#= 

AN 100 -12 

AN 398-27 1 

AN 380-33 


CODE - AN115-8 = SHACKLE EIGHT HUNDRED LBS. 

NOTE - TRIM FLASH SMOOTH 

MAT'L - 57-107-17 STEEL 

HEAT TREAT - 125000# T.S. PER SQ> IN. 

MFG. SPEC.-29-24 

LIMITS-ON DIMENSIONS t .010 UNLESS OTHERWISE SPECIFIED 


B/M 


APPROVED AIR CORPS STOCK CLASSIFICATION - 04 A 


ARMY A NAVY ST’D 


3-22-26 


SHACKLE - CABLE 


IN ORDERING GIVE PART NO, NAME AND CABLE ST*GTH, 


AN 115 





























































































REVISED //~/<9-3/ 


U. S. ARMY AIR CORPS, MATERIEL DIVISION, DAYTON, OHIO 



SHORT 


5T0TH !_ 

DASH NUMBERS 


TAKE 

UP 

L 

A 

J 

LBS 

;assembly 

CABLE EYE 

R.H. 

CABLE EYE 

L. H. 

BARREL 

***■"* - ! 

aoc 

8S 

ANI70-8RS 

AN170-8LS 

AN155-8S 

1-375 

4.5 

.188 

.125 

1600 ' 

16S 

AMI70-16RS 

AM170-1GLS 

AMI 55-16S 

1.125 

4.5 

.219 

.188 

2100 

21S 

AMI70-21RS 

AN170-21LS 

AM155-21S 

1.000 

4.5 

.219 

.188 

3200 

32S 

AN170-32RS 1 

AN170-32LS 

AMI 55-32S 

.750 

4.5 

.281 

• 219 

4600 

46S 

AN170-46RS 

AN170-46LS 

AMI 55-46S 

.625 

• 

cn 

.313 

.231 


LONG 


STGTH 

| 

DASH MUMBERS 


TAKE 

UP 




L3S j 

ASSEMBLY 

CABLE EYE 
R.H. 

CABLE EYE 
L.H. 

BARREL 

L 

A 

J 

160C 

16L 

AN17Q-16RL 

AN170-16LL 

AMI55-16L 

2.750 

8.0 

.219 

.188 

2100 

21L 

AMI 70-21RL 

AM170-21LL 

AM155-21L 

2.625 

s.o 

.219 . 

. 158 

320C 

32L 

AN170-32RL 

AM170-32LL 

'AMI55-32L 

2.500 

8.0 

.281 

.219 

4600 

4 6L 

AM170-46RL 

AN170-46LL 

AMI55-46L 

2.250 

8.C 

.313 

.261 

6100 

61L 

AN170-61RL 

AMI70-61LL 

AMI 55-80L 

2.00 

8.0 

.344 

. 281 

8000 

80LZ 

IAM70-80RL 

/CN170-80LL 

'AN155-80L 

2.00 

8.C 

.375 

.328 

12500 

125L 

AM70-125RL 

AN170-125LL 

AN155-125L 

2.0C 

9.0 

• 4C9 

.375 

17500 

175L 

A M 170-175RL 

AM170-175LL 

AM55-175L 

2.00 

9.5 

.563 

.469 


ENGINEERING INFORMATION ONLY 


STGTH 

800# 

1600# 

2100# 

3200# 

4600# 

6100# 

8000# 

12500# 

17500« 

THIMBLE 

AMI00-3 

AN100-4 

AN100-4 

AM 00-5 

> 

P 

o 

o 

1 

(?> 

AN100-7 

AMI00-8 

A^TL 00-10 

AN100-12 


LOCK WIRE FOR SHORT ASSEU. 995C40-18 
LOCK WIRE FOR LONG ASSEU. 995C40-24 
MANUFACTURER NOT TO FURNISH LOCK WIRE 


CODE - AN14C-8S = CABLE EYE - SHORT, 8 HUNDRED LBS. 
FOR 550# TURNBUCKLE #4-48 THD. SEE 037997 
MANUFACTURING SPEC. 29-20 


APPROVED 


3-22-26 


AIR CORPS STOCK CLASSIFICATION 04A 

ARMY 

Sc 

NAVY STD. 

TURNBUCKLE ASSEM. - CABLE EYES 

AN 140 

IN ORDERIMC GIVE PART MO•,NAME,SHORT OR LONG & STGTH 
















































































































REVISED -32 


U. S. ARMY AIR CORPS, MATERIEL DIVISION, DAYTON. OHIO 



DASH NO. 
TYPE I 

DASH NO* 
TYPE II 

A 

3 

c 

Dt. 002 

! 

E 

F 

Gt.015 

H-30LT SIZE 

T -.ooo 

-.005 

-i 

-1A 

7/8 ' 

1 1/4 

T/s" 

.253 

3/64 

1/32 

17/64 

fio 

.297 

-2 

-2A 

2 

2 1/2" 

mi 

.253 

3/64 

1732 

17/64 

ITo - 

.297 

-3 

-3a 

1 3/8 

2 

1/2, 

.378 


3/ 64 

7/16 

174- 1 

.484 

-4 

-4A 

2 7/8 

3 1/2 

1/2 

.378 

7/64 

3/64 

7/16 

1/4 

.484 


CODE - NONE 


NOTE:- USE 2 7/8 DIA. PULLEY FOR 1/8, 5/32 & 3/16 CABLE FOR BENDS GREATER 
THAN 30° FROM A STRAIGHT LINE, FOR BENDS LESS THAN 30° USE 1 3/8 
DIA. PULLEY. USE 2" DIA. PULLEY FOR 1/16 & 3/32 CABLE FOR BENDS 
GREATER THAN 30° FROM A STRAIGHT LINE, FOR BENDS LESS THAN 30° USE 
7/8 DIA. PULLEY. 


ENGINEERING INFORMATION 


FOR CABLE SIZE 

USE TYPE I PULLEY 

AND SPACER NO. 

OR TYPE II PULLEY ALONE 

1/16 4 3/32 

AN210-1 

AN211-1 

AN21Q-1A 

1/16 4 3/32 

AN210-2 

AN211-1 

AN210-2A 

1/8-5/32-3/16 

AN21Q-3 ~1 

' AN211-2 

AN2IQ-3A 

l/8-5/32-3/l6 

AN210-4 

AN211-2 

AN210-4A 


MANUFACTURING SPECIFICATION 94-27166 

FINISH - BUFF ALL OVER TO REMOVE MOLD MARKS. 

LIMITS ON DIMENSIONS±.010 UNLESS OTHERWISE SPECIFIED. 


APPROVED 


3-22-26 


AIR CORPS STOCK CLASSIFICATION 04A 
PULLEY - CONTROL 


IN ORDERING GIVE PART NO., NAME A DIA. "A" 


ARMY 4 NAVY STD. 

AN 210 























































































REVISED //-/d"3/ 


U. S. ARMY AIR CORPS. MATERIEL DIVISION. DAYTQN OHIO 



OPTIONAL 


DASH NUMBERS 

TAP 

. .T 

PITCH DIA. 

P 

MAX.DRILL 
D 

A 

B 

N 

M 

0 • 

*s 

C 

p 

L 

STEEL 

AL.ALLOY 

3 

D3 

#10-32 

/.0019 

•169T -.OOOO 

#21(.159) 

3 

IT 

3 

S 

1 

T 

.110 

9 

64 

'5 

64 

.221 

3 

32 

7 

16 

4 

D4 

J-28 

2268 / *° 022 

.2<5oo>.0000 

#3(.213) 

1 

4 

7 

it 

9 

Jz 

.125 

5 

32 

5 

64 

.312 

3 

32 

1 

2 

5 

D5 

5 

16-24 

' o ft c/-°°24 

• coD4 <( # Q000 

.2703 

5 

TT 

i 

5 

21 

64 

.172 

5 

32 

5 

64 

.375 

3 

32 

“ 37 

64 

6 

D6 

3 

8-24 

,, 7q /- 0 °24 

•3479-.oooo 

"Q"(.332) 

3 

S’ 

IT 

13 

55 

.218 

3 

16 

1 

6 

.437 

3 

32 

2 T~ 

32 

7 

D7 

re- 2 © 

/.0026 

• 4050. # qqoo 

"W"(.386) 

7 

TT 

5 

8 

29 

64 

.265 

3 

16 

1 

8 

.532 

3 

So 

2T~ 

32 

8 

D8 

2“-20 

/.0026 

• 46rt> -.0000 

.4492 

1 

2 

3 

4 

9 

16 

.359 

13 

64 

1 

8 

.594 

1 

8 

7 

8 

9 

D9 

A- 18 

/.0030 

•3264.OOOQ 

.5062 

9 

TT 

7 

S’ 

39 

64 

.390 

7 

32 

5 

35 

.657 

5 

32 

1 A 

10 

DIO 

f-18 

SRfl^- 0030 

•^ss^-.oooo 

.5687 

5 

8 

1 

ii 

rr 

.468 

7 

32 

5 

32 

.719 

5 

32 

1 A 

12 

D12 

f- 16 

“Z77T0032 

. 7094.0000 

.6875 

3 

T 

1 S’ 

13 

16 

.562 

1 

4 

5 

32 

.875 

3 

16 

i# 

14 

D14 


A2AA / *° 036 

•o2o6_ # 0000 

.8024 

7 

8 

1 A 

29 

32 

.656 

1 

4 

5 

32 

1.000 

ITS 

ill 

16 

D16 

1-14 

9536 / *° 036 

.yaab .qooo 

.9274 

1 

1 T 

1 

.750 

1 

4 

5 

32 

1.125 

3 

16 



CODE - AN310-4 = NUT STEEL 4/16 DIA. OF TAP X 28 THDS. 

AN310D4 = NUT ALUM. ALLOY 4/16 DIA. OF TAP X 28 THDS. 


THDS. APE NATIONAL SCREW THREAD COM. MEDIUM FIT, CLASS 3, SYMBOL NF-3. 
MANUFACTURING SPEC. 29-26 

LIMITS ON DIMENSIONS t.010 UNLESS OTHERWISE SPECIFIED 


APPROVED 


3-22-36 


AIR CORPS STOCK CLASSIFICATION 04A 

NUT - CASTLE AIRCRAFT 
IN ORDERING GIVE PART NO.,NAME, MAT 'L 


TAP SIZE 


ARMY t NAVY STD. 


AN 310 













































































U. S. ARMY AIR CORPS. MATERIEL DIVISION, DAYTON. OHIO 





K-l-h 

(^SS^ESEE 


r 


NOMINAL 

^DIAMETER 


DASH NUMBERS 

L 

DIAMETER 

1/16 

3/32 

1/3 

5/32 

3/1C 

1/4 

1/2 

2-2 

3-2 

4-2 

5-2 



3/4 

2-3 

3-3 

4-3 

5-3 



1 

2-4 

3-4 

4-4 

,5-4 



1 1/4 

2-5 

3-5 

4-5 

5-5 



1 1/2 

2-6 

3-6 

4-e 

5-6 

0-6 


1 3/4 

2-7 

3-7 

4-7 

5-7 



2 

2-6 

3-e 

4-3 

5-c 

t-6 

£-6 

2 1/2 



4-10 

5-10 

5-13" 

3-10 






6-12 

6-12 

3 1/2 






5-14 

4 






3-16 


FOR SMALLER DIAMETER THAI* 1/16 COTTER USE 
..IRE .041 X 1 STEEL - 995-41-1 


PACKING SPEC. 40560 


CODE - AN3S0-2-E * PIN - COTTER 1/16 (2/32) X 1/2 (2/4) LONG (LOW CARBON STEEL 
Vk ~ . CADMIU!' PLATED) 

AN380C2-8 = PIN - COTTER 1/16 (2/32) X 1/2 (2/4) LONG (CORROSION RESISTING 

STEEL) 


MATERIAL - STEEL, LOW CARBON CADMIUM PLATE - SPEC. 20006 

STEEL, CORROSION RESISTING - SPEC. 48-37 COTTER PIN TEMPER 


PINS WITH UNEVEN PRONGS OPTIONAL 


21 


I 

Q 


APPROVED 


3-28-86 


AIR CORPS STOCK CLASSIFICATION 


29 


PIN - COTTER 


ARMY & NAVY STD. 


AN380 






































revised 


U. S. ARMY AIR CORPS. MATERIEL DIVISION. DAYTON. OHIO 


-an.Dt.%%% \- 7npceiirmpcmFT 


3 


number 

6/o 

5/o 

4/o 

3/o 

2/o 

l/o 

i 

2 

3 

4 

5 

6 

DU. D 
LARGE END 

.0715 

.092 

.108 

.125 

.141 

.156 

.178 

.193 

• 219 

.250 

.289 

.341 


LENGTH 

1 DASH NUMBERS_1 

6/0 

S/o 

4/o 

3/0 

3/e 

I/O 

i 


9 

4 

9 

6 

3/8 

60-2 

50-3 

40-3 










1/2 

60-4 

50-4 

40-4 

?o-4 









5/8 

60-5 

50-5 

O 

1 

30-5 

20-5 

10-5... 

1-5 






3/4 


50-6 

& 

O 

1 

30-6 

20-6 

10-6 

1-6 

2-6 





7/8 



40-7 

30-7 

20-7 

10-7 

1-7 

2-7 





—i- 




30-8 

20-8 

10-8.. 

1-9 

2-9 

5-9 




1 1/4 





20-10 

10-10 

WO 

2-1Q 

3-10 




1 1/2 





20-12 

O 

1 

to 

;-i2 

2-;2 

9-18 

4-12 



1 3/4 






10-14 

1-14 

2-14 

3-14 

4-14 

5-14 


2 







1-16 

?-i6 

9-19 

4-16 

5-16 


2 1/4 








$-19 

9-19 

4-18 

5-19 

6^18. 

2 1/2 








2-20 

3-20 

4-20 

5-20 

6-20 

2 3/4 









3-22 

4-22 

5-22 

CVJ 

<M 

» 

-5- 










tDingiimii 


CODE - 365-60-4 ■ PIH NO. 000000 X 4/0 LONG 


PACKING SPEC. 40560 
COLIUSHCIAL STANDARD 
!!AT2RIAL-STEEL 


? 

N 


APPROVED 


3*22-26 


AIR CORPS STOCK CLASSIFICATION 29 

PIN - TAPER 

IN ORDERING GIVL PART N0. f NAME.COM'lT 


SIZE & LENGTH 


385 



































































REVISED //-/-£ 6 > £- 3 -^ 7 , 9 -/ 4 - 33 , 


U. S. ARMY AIR CORPS, MATERIEL DIVISION, DAYTON, OHIO 




DASH 

NOS. 

G 

L 

DASH 

NOS. 

G 

L 

DASH 

NOS. 

G 

L 

DASH 

NOS. 

G 

L 

11 

11/32 

35/64 

33 

1 1/32 

1 15/64 

55 

1 23/32 

1 59/64 

77 

2 13/32 

2 39/64 

13 

13/32 

39/64 

ag.. 

1 3/32 

i—19/64 

57 

1 25/32 

1 63/641 

79 

2 15/32 

2 43/64 

15 

15/32 

43/64 

37 

1 5/32 

1 23/64 

59 

1 27/32 

2 3/64 

81 

2 17/32 

2 47/64 

17 

17/32 

47/64 

39 

1 7/32 

1 27/64 

61 

1 29/32 

2 7/64 

83 

2 19/32 

2 51/64 

19 

19/32 

51/64 

41 

1 9/32 

T 31/64 

63 

1 31/32 

2 11/64 


"F" 21732 1 

HS - 5S/64 

21 

21/32 

55/64 

43 

“1 11/32 

[ 1 35/64 

65 

~5"I/32 

T' 15/64 

S7 

2 23/32 

2 59/64 

23 

2 3/3 2 

59/64 

45 

ll 13/32 

1 39/64 

67 

" 2 3/32 

~S~T§/64 

89 

'2 25/32 

2 63/64 

25 

25/32 

63/64 

47 

1 15/32 

1 43/64 

“B5~ 

2 5/32 

"2”23/64 

"n - 

2 27/32 

3 3/64 

27 

27/32 

1 3/64 

49 

1 17/32 

1 47/64 

71 

’ "2 V32 

TWST 

93 

2 29/32 

h 3 7/64 

3 11/64 

29 

29/32 

i in* 

51 

"1 19/32 

1 51/64 

“73“ 

" 2 9/32 

2 31/64 

95 

2 31/32 


1 11/64 

$3 

1 2l/32 

1 55/64 

~7T~ 

21 1/32 

2 35/64 

~ 5T~ 

3 1/32 

“3" T "5/64 


CODE - AN394-37 « PIN 1/4 DIA. X 37/32 LONG 

MINIMUM STRENGTH IN SINGLE SHEAR 36814 
USE COTTER PIN AN380-2-2 


MATERIAL - 57-107-17 STEEL 

HEAT TREAT - 125,000# T.S. PER SQ. IN. 

MANUFACTURING SFEC. 29-19 

LIMITS ON DIMENSIONS ±.010 UNLESS OTHERWISE SPECIFIED 

BM 


APPROVED 

AIR CORPS STOCK CLASSIFICATION 04A 

ARMY & NAVY STD. 

3-22-26 

PIN - FLAT HEAD, 1/4 

AN 394 


IN ORDERING GIVE FART NO., NAME, DIA., 4 LENGTH "C-" 





































































U. S. ARMY AIR CORPS. MATERIEL DIVISION. DAYTON. OHIO 


A 






HEAPS Of ALL 

ALUMINUM ALLOY 

RIVETS TO HAVE 

RAISED T IT rg ir 

CCMTIPCATION- 


vtasm 





DIMENSIONS ARE APPROXIMATE ALUMINUM COMPANT OT AlfIRICA STANDARDS 

DIMINSIONS 


DU. 

' i/ia A 003 
i ^S-.OOl 

3/s *Aoo3 

3/3Z -.001 

, ,./.00S5l ,./.004 

W 004 

a/16 -.001 

y.°°«| /.°°4 

1/4 -.001 | 5/16 -. 001 

s/a''* 004 "" 1 
3/8 -.001 

4 

| 5/32 T. 008 

15/1540.012 

5/160.016 12^640.080 

1VS21.025 

5/80.051 !2V3Bt.039 

1M60.047 

B 

1/321.005 

5/64t.005 

1/160.005 j5/64f.005 

5/520.005 

1/80.006 5/520.008 

3/160009 

C 

3/52 

9/64 

5/16 j 15/64 

9/52 

5/8 ] 15/52 

9/16 


ALUMINUM ALLOY 


LOTH 

►-- — ‘ w*w%*(4.£,rv nMW nutio 

_DIAMETER ' " " ' ” -1 


1/16 

K-3Z32 

I 1/8 

! 5/32 j 3/16 

L 1/ 4 

5/16 

3/8 


D2-3 


1 D4-3 




— at-a -j 

—-"V 4 

D2-4 

—P?-4 



l P6-4 

1 


——-i 

5/16 

D2-5 

D5-5 

D4-5 

,_ 

D5-5 

D6-5 




ye 


- M-6 

D4-6 

f D5-6 . 

p6-6 

K D6-6 


-1 

7/16 

D2-7 

D5-7 

f . D4-7 

D5-7 

D6-7 

D8-7 


- j 

1ZS-- 

-.22z£ 

f D3-8 

! D4-8 

D5-8 

, P6-8 

D8-8 

■ DIO-A 

- j 

5/8 

D2-10 

D3-10 

D4-10 

D5-10 

L. D6-1C 

D8-10 

, D10-10 

D12-10 

-&} 

D2-12 

D3-12 

PV1? 

D5-12 

D6-12 

D6 - li— 

D10-12 

D12-]2 

7/8 

D2-14 

D3-14 

D4-14 

D5-14 

D6-14 

D6-14 

DIO-14 

D12-14 

—i--- 

“1)2-16 

PS-16 

r D4-16 

D5-16 

D6-16 

D6-16 

D10-16 

D12-16_; 

1 1/8 

D2-18 

f D3-18 

D4-18 

D5-18 

D6-18 

^ D6-18 

DIO-18 

D12-18 1 

-l-M 4 - 

D2-20 ^ 

r D3-20 

D4-20 

D5-2Q . 

D6-2C ; 

, D6-20 

, D10-20 

D12-20 

1 5/8 


D3-22 

D4-22 

P5-22 j 

D6-22 

D8-22 

DIO-22 

D12-22 

i i/g 



D4-24 

D 5.-24 1 

. D6-24 1 D6-24 

D10-24 

D12-24 

1 5/4 




D5-28 

D6-2Q 

D8-28 

DIO-28 

D12-28 

2 




I D6-32 

68-32 

~DlO-32 

D12-32 

2 1/2 




T D6-40 

D8-40 

D10-40 

D12-40 

3 


1~ D6-48 

65-48- 

DIO-48 

D12-48 

5 1/2 


r 

1 ! 

D6-56 

DIO-56 i 

| *** *6 — IV -1 

I D12-56 i 

4 


! 

- 1 1 

DIO-64 

L D12-64 H 


CaSlEfiClijL 5 pRODUCT.* 1 ' U “ IMUl! ALL ° Y HIVET 2/12 DU * X 3/16 L0HC 
ALULINUU ALLOY RIVETS LUST BE HEAT TREATED 3EF0RE USING. 
MATERIAL - ALUMINUM ALLOY, SPEC. QQ-A-351 
PACKING 8PIC. 40560 


APPROVED 


1-6-32 


AIR CORPS STOCK CLASSIFICATION 29 


RIVET - BRAZIER HEAD 


ARMY &> NAVY STD. 


AN455 




























































































































U. S. ARMY AIR CORPS. MATERIEL DIVISION. DAYTON. OHIO 


a 


n 


A 



DASH NO. 

B 

C 

D 

1 

.250 

1/2 

17/64 

2 

.250 

5/16 

9/64 

3 

.1875 

■ 1/2 

17/64 

4 

.1875 

5/16 

9/64 


MACHINE FROM 5 LALK 
NO. AN486-1. SHAFE 
FOR 9/64 SLOT AC SHOWN 

BY DOTTED LINES. 



ENGINEERING 

INFORMATION 


SLOT SIZE 

3/16 F.H'D. PIN 

1/4 F.H'D. PIN 

COTTER FIN 

9/64 

AN393-11 

AN394-11 

AN380-2-2 

17/64 

AN393-17 

AN394-17 

TERMINALS TO BE USED WITH 

3/8 O.DIA. #20(.035) TUBING 


MATERIAL -- 57-107-20 

HEAT TREATMENT -- NORMALIZE 

FINISH -- 3-100 AFTER ASSEMBLY 

LIMITS ON DIMENSIONS ±.010 UNLESS OTHERWISE SPECIFIED 


APPROVED 


9-27-28 


AIR CORPS STOCK CLASSIFICATION 04A 


CLEVIS - ROD END, BRAZING 


IN ORDERING GIVE PART NO..NAME, PIN SIZE * SLOT SIZE 


ARMY Se NAVY STD. 


AN48I 





































































US. ARMY AIR CORPS. MATERIEL DIVISION. DAYTON, OHIO 




— 

T 

rn 

L 

T 

B- 

l 


>1 \ iiiwWv 

\\ \ MV" " W'\ 

— D 

J_ Vi 

rJT 


DIMENSION TABLE 
FOR DRAFTING ROOM REFERENCE 


SIZE 

#« 

#6 

#6 

#10 

#14 

B 

.207 

.248 

.292 

7340- 

.445 

D 

.112 

.137 

.163 

.186 

• 243 

T 

.077 

.093 

.109 

.127 

.166 



DASH NUMBERS 


M 

— n — 

~~B — 

— le — 

TIB - 

—in— 

1/4 

4-4 





3 /a 

4-6 

6-6 

8-6 



1/2 

4-8 

6-8 

8-8 

10-8 


s/a 


6-10 

8-10 

10-10 

14-10 

z/t 


6-12 

8-12 

10-12 

14-12 

7/8 



8-14 

10-14 

14-14 

“I 



8-16 

10-16 

14-16 

1 1/4 




10-20 

14-20 

1 1/2 





14-24 

1 3/4 






2 







ENGINEERING INFORMATION 
HOLE SIZES FOR SCREWS 


METAL 

THICKNESS 

#4 

#6 

#8 

#10 

#14 

.015-.028 

.086 

.104 

“rrrr 

" .126 - 


.031-.051 

.093 

.110 

.120 

.136 

“.169- 

.063-.081 

.101 

.120 

.140 

.152 

.201 


C0DE-AN530-6-6 = SCREA, SHEET METAL, RD. HD. #6 X 6/16 LONG 



M- 

O 

UJ 

V) 

> 

UJ 

a. 


COMMERCIAL PRODUCT. MUST be INTERCHANGEABLE WITH PARKER-KALON CORP. , TYPE 2 
PACKING SPEC. 40560 

FINISH - CADMIUM PLATE, SPEC. 98-20006. 

MATERIAL - STEEL, HARDENED 


APPROVED 

AIR CORPS STOCK CLASSIFICATION 29 

ARI.TY NAVY STD. 

5-3-32 

SCREW - SHEET METAL - ROUND HEAD 

AN530 
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U 5. FIEMY GIE. CORPS MATERIAL 


DIVISION, DSITTON, OHIO 



G K 




— 

k!i 

k- r- -A 


TYPE' COPPEe SOLDCE/nG LUGO-HEOVY 


OQsrf moo. 

OMPCJFE 

c/=>/°vc/rr 

Q 

3 

C 

D 

L 

F 

G 

If 

/ 

Z3* 

3// & 

■ 437 


3/6 

'3/S& 

i5//G> 

7/32 

Wg2 

Z 

35 

f, 4 

./e>6 

,3 /*4 

%3 

'/£ 

l'/52 

7/32 

ffl 

3 

SO 

5//G 

a 32 

*//Co 

i/a 

'3/32 

/ 7 /32 

>/4 

7 // U 

4 

70 

i/Q ... 

235 

V3£ 

Z 7 & 

~ivnr 

P'/sz 

?/3Z 

/7 /J2 

5 

90 

V/g 

336 

KS. 

•;* 

if 4 

/ 72 

"I. 32 

5 6 

<o 

12.5 

•/& 

.333 

"/$« 

9-/6 

' 3 //g 

/ 3 U 

'3/ 32 

"W 


150 

N/O 

461 



1 5/J Cp 

2 

7/l £0 

'3//is 

3 

175 

5/a 

.5/1 

,3 /3£ 

**/& 

/ 

2 76 

'/2 

Z*/3Z 

~T~ 

zz5 


,553 

/3 /3.2 

27/32 

/ 5/32 

Z*/3Z 

‘ 7 /3Z 

2/32 

10 

325 

w 

776 

/3 /3£ 

/ 3 /><y 

iTET 

3*/$> 

3/4. 

1 ,3 /3Z 




02 S GRASS 
srocA 


TYPC-F/BE2, /MSULPTHYG, TNEE, 



TYPEL- &EQSS IGNIT ,i 
USLD W/TH 


5125 

a 

\ 

“X” 

D 

E 

DP57 NO'S. 

U.QSGL 

/ 


< 5 

- 

3 /£> 

20 

SPRLL 

v b 

3 /q 

\6 

u 

3 /& 

21 


HFfY /3E. Puecrrn^Kun re on ocuco 
OSLljCO 5 PIP)L.L- AoS$033£ 

DZ—C.O l-Pecssl /VO. 





y6 


DPSh NO'S 



5 /e> 

u 

30 

SPiQLLy 


-Ztfi 

.136 

3 / 


fip^Y a el Puecnp 
LCD 6.YPLL AO. £ 
DLi-CO LF1EGZ mo. £5003 


FEO/F OELCO 



aO 


THESE THREE TYPES 

INACTIVE FOR 
DESIGN PURPOSES 
1 - 16-34 


dps rt mop 

/fFES 

MOS -X* 

D 

3 

L 

T 


#4- 

3/.'& 

$/j3 

‘¥/6 

.030 


ftr/O 

932 

4- 

/ ✓ \P 

ve> 

030 

/42 

=* 5 

Y6 

•/& 


.030 





L 040 


£ 


conn elec./ no. pafooc/cts. 


Z 

\3Z 

rrps-coppsp SOC0EP/P/G 
<LO<* C/GY/r 
PPPT /YO 660-30 
/&£ OP PUL CPSCES # /& .PJYCt. 


77,'EL CORPS 3TOCJL' CLR£>£>IPICPT'Ohi £9 


Tcen/m'P)LS oe rze&uL.ss-LLizer.e ePL 

660 



GOVT GPf\l 


3-22-26 


C OOE • /VO^C 
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U. S. ARMY AIR CORPS. MATERIEL DIVISION. DAYTON. OHIO 


+4 


■L±i- 


i 16 

H-44-L 

H 4 32 

ON STOCK 

lg'th. only 


(L-9^) + ON STOCK LG*TH. ONLY 

' 014 R. 


h 


*3 52 ** 


| ON STOCK 
LG‘TH.ONLY 



MAX TWO IMPERFECT 
THDS. EACH ENO. 


•CHAMFER 45 X 

THb.NOIO-32NF3.L H 
PITCH DIA. .16971 oo?9 
AFTER PLATING 



AIR CORPS STANDARD 


CHAMFER ‘♦- J/v 32 
TH'D. NO 10-32 N.F3.R.H. 

PITCH DIA. .1697-§o ?9 

AFTER PLATING. 


T 1 

DASH 
| NO. 

T 

DASH 

NO, 

L 

DASH 

NO, 

L 

DASH 

NO. 

L 

DASH 

NO. 

L 

L 

DASH 

NO. 

L 

DASH 

NO. 

18 

1 18 

60 

60 

lo& ' 

102 

144 

144 

166 

186 1 

228 

228 n 

'270 

' 270 

24 

24 

66 

66 

108 

108 

150 

150 

192 

192 

234 

234 

276 ! 276 

30 


72 1 

| 72 

1 114 

114 

156 

156 

198 

198 

240 

240 


1 

36 

36 76 

I 7Sv 

1 120 

12C 

162 

162 

204 

204 

246 

246 



42 

42 

84 

84 

! 126 

126 

166 

168 

210 

210 

252 

252 



48 

48 

90 

90 

i 132 

132 

174 

174 

216 

216 

258 

258 



54 

54 

96 

96 | 138 

138 

180 

180 

222 

222 

264 

264 




STANDARD DESIGN OF TIE ROD USED 3Y THE AIR CORPS FOP REPLACEMENT ON AIRPLANES 
IN SERVICE. 

TABULATION GIVES LENGTHS OF RODS TO EE PURCHASED FOR GENERAL USE. INTERMEDI¬ 
ATE LENGTHS APE OBTAINED BY CUTTING AN EQUAL AMOUNT FROM EACH END OF ROD. 

THE LENGTH M L" "HALL BE THE NEAREST 25/100 AS 1825, 1850, 1375 TO FIT, 
FIGURING 50# TAKE UF \ND 50# LET OUT. TO FIND ROD LENGTH REQUIRED SUBTRACT 
1 1/2 FROM DISTANCE BETAESN FLAT HEAD PIN CENTERS OF ASSEMBLY. THE PART NUMBER 
SHALL INDICATE THE LENGTH OF THE ROD. 

TYPE II RODS SHALL BE DESIGNATED 3Y LETTER "C M AFTER BASIC NUMBER. 

EXAMPLE: 

AN673-3050=#10-32 ROD - 30 1/2 LONG A.C. STD.--TYPE I (CADMIUM PLATE) 
AN673C3050=#10-3£ ROD - TO 1/2 LONG A.C. STD.—TYPE II (STAINLESS STEEL) 

MINIMUM THREAD FOR RIGID CLEVIS AND LOCK NUT - 1 3/8 

MANUFACTURER SHALL APPLY TAG NEAP RIGHT HAND THREAD END. SEE PAGE 650 FOR 
TAGS AND METHOD OF APPLYING. 

ENGINEERING INFORMATION FOR BOTH A.C. fe S.A.E. STD. 


R.H. RIGID CLEVIS 

AN665-21R 

L.H. RIGID CLEVIS 

AN665-21L 

CLEVIS FIN 

AN393-11 

PLAIN R.H. NUT 

AN315-3R 

PLAIN L.H. NUT 

AN315-3L 

MAX. ASSEMBLY LG’TH - L / 2 5/16 

MIN. ASSEMBLY LG'TH - L / 13/16 


NOTE TO AIR CORPS ACTIVITIES: 

STOCK WILL BE REQUISITIONED, STORED AND ISSUED IN ACCORDANCE WITH THE LIST¬ 
ING GIVEN IN THE CLASSIFICATION 04 CATALOGUE. 


MANUFACTURING SPEC. 29-60 

LIMITS ON DIMENSIONS^ .010 UNLESS OTHERWISE SPECIFIED. 


APPROVED 

AIR CORPS STOCK CLASSIFICATION - 04A 

ARMY t NAVY STD. 

3-22-26 

TIE ROD - STREAMLINE 8100# #10-32 

AN 673 


IN ORDERING GIVE PART NO., NAME AND LENGTH 















































































REVISED 


U. S. ARMY AIR CORPS, MATERIEL DIVISION. DAYTON, OHIO 



T 


DASH NUMBERS 

BOLT 

SIZE 

A 

D 

/.020 

-.000 

T 

STEEL 

57-136-3 

ALUM. 

57-151-1 

BRASS 

qQ-B-611 

CORROSION 

RSSISTAMT 

STEEL 

57-136-9 

ALUM. 

ALLOY 

57-152-3 

3 

A3 

33 

C3 

D3 

#3 

7/64 

1/4 

1/32 

4 

A4 

B4 

C4 

D4 

#4 

1/8 

5/16 

1/32 

6 

AC 

B6 

C6 

D6 

#6 

9/64 

3/8 

1/32 

8 

A8 

B3 

ca 

D8 

#8 

11/64 

3/8 

1/32 

1C 

AlO 

BIO 

CIO 

DIO 

#10 

13/64 

7/16 

1/16 

416 

A416 

B416 

C416 

D416 

1/4 

17/64 

1/2 

1/16 

516 

A516 

B516 

C516 

D516 

5/16 

21/64 

9/16 

1/16 

616 

ACie 

B616 

C616 

D616 

3/8 

25/64 

5/8 

1/16 

716 

A716 

B716 

C716 

D716 

7/16 

29/64 

3/4 

1/16 

816 

AS 16 

B816 

C816 

D816 

1/2 

33/64 

7/8 

1/16 

916 

A916 

B916 

C916 

D916 

S/16 

37/64 

1 1/16 

1/16 

1016 

Aide 

B1016 

C1016 

D1016 

5/8 

41/64 

1 3/16 

1/16 

1216 

A1216 

B1216 

C1216 

D1216 

3/4 

49/64 

1 5/16 

3/32 

1416 

A1416 

B1416 

Cl 416 

D1416 

7/c 

57/64 

1 1/2 

3/32 

1610 

Al 616 

B1516 

Cl 616 

D1616 

1 

1 1/64 

1 3/4 

3/32 


CODE - AM960B10 = BRASS ..ASHER FOR #10 BOLT 


MUST BE FLAT AMD FREE FROM BURRS 

PACKING SPEC. 40560 

MATERIAL - AS NOTED IN HEADING 

FINISH: 57-130-3 STEEL WASHERS, CADMIUM PLATED SPEC. 98-20006. 

57-151-1 ALUM. WASHERS, AMODICALLY TREATED SPEC. 93-20005. 

Hq-B-6U BRASS WASHERS, NOME 

57-136-9 STEEL WASHERS, (STAINLESS STEEL) 

57-152-3 ALUM. ALLOY WASHERS. aNODICALLY TREATED SPEC. 93-20005. 
LIMITS ON DIMENSIONS ±.010 UNLESS OTHER.. ISE SPECIFIED B/M 


APPROVED 

AIR CORPS STOCK CLASSIFICATION 04A 

ARMY & MAVY S 

3-22-26 

WASHER - PLAIN 

AN96' 




















































TRAINING SCHEDULE 


FIRST WEEK 
1. Math Department 

SECOND WEEK 

1< Template Department 

THIRD WEEK 

1, One-half day - Sheet Metal Department 

a. Lecture - Tuesday 10:45 
b« Test - Friday 2:15 

2, One-hr.if day Drilling Department 

a. Lecture - Tuesday 1:00 

F0LR1E WEEK 

1» Riveting Department 

a, nocture - Monday 9:15 
b c Test - Friday 10:45 

FIFTH WEEK 

L Hand Forming Depar tment 

a.. Lecture - Monday 10:45 
fc. Test - Fricay &•00 

SIXTH WEEK 

1» Advanced Riveting: Department 
a., Lecture - Monday 1-.00 

b« Test - Friday 1:00 

SEVENTJ WEEK 

1. Advanced Hand Forming Department 
a. Lecture - Tuesday 9:00 

E T GHTE WEEK 

1. Assembly'' Department 

a. Lecture - Monday 2:45 

b. Lecture - Wednesday 10:45 


NINTH ’VEEK 

1. Assembly Department 

a, Tuesday 2:45 - Lecture 

10-11-12-13 WEEKS 

Assembly Repair and Fabrication - 
WATCH BULLETIN BOARD FOR LECTURE SCHEDULE 
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Standard Parts A N (Army-Navy) 


RIVETS 


L S (Lockheed Standard) 


In aircraft work most fastners such as rivets, bolts and nuts are 
standardized by the Army and Navy or by certain manufacturers. All 
standard parts have a simple method of coding for specifications on 
blue prints. 


IT 


AN 425 
Countersunk 
Type Head 





AN 430 
Round 
Type Head 


AN 442 
Flat 

Type Head 


AN 455 
Brazier 
Type Head 


LS 1100 

Lockheed Standard 
Type Head 


RIVET EDGE DISTANCE AND SPACING 

Edge distance is the distance from the nearest edge to the 

center of the hole to be drilled. (The minimum edge distance is 2 
times the diameter of the rivet provided that distance is not less than 
1/4 inch.) (Generally determined by the engineers.) 

Minimum spacing is 3 x D. Maximum spacing is 24 x thickness of 
material. 



V 




$ 


J 


* 




AD 

Dimple Type 


Raised Tit Type 


DD 

2-Raised Bars 
Type 


Plain Head 
Type 


AD 

t 

jr D 


Half hardened rivets. Made from A17S0 wire and then heat treated. 
These rivets have a dimple on top of the head. 

Dural Rivet. Made from 17S0 wire, heat treated then frozen. They 
should be used within 15 to 20 minutes after taking from ice box. 
These rivets have a hump on top of the head. 

DD - Dural rivet. Made from 2430 wire; has two raised bars on the 
head. (ice Bbx Rivets.) 

- - Aluminum rivets made from 2S0 or 3S0 wire. Have smooth heads. 

RIVET CODES 

Diameter is given in 32nds of inch. Length is given in 16ths. 

Recently it was found advisable to manufacture rivets varying in 
length by 32nds of an incl}. If the length is an odd 32nd, the dash 
number is a fraction. Example: AN 455AD3-5/32. 


Example: AN430D4-5 

AN- Army-Navy Specifications 
430 - Round head rivet 
D - 17ST (ice Box) 

4 - 4/32 Diameter 

5 - 5/l6 Length of rivet 

Example: AN 455DD5-6 
AN- Army-Navy Spec. 

455 - Brazier head rivet 
DD - 24ST (Ice Box) 

5 - 5/32 Diameter 

6 - 6/16 Length 


Example: LS 1100AD3-4 

L S - Lockheed Standard Spec. 
1100- Special Small Head 
AD- A17ST (Dimple Head) 

3 - 3/32 Diameter 

4 - 4/16 Lengtn 

Example: AN430-3-4 
A N 
430 


3 

4 


- Army-Navy Spec. 

- Round Head 

- Aluminum 2S or 3S (Plain H.) 
3/32 Diameter 

- 4/16 Length 


ANDERSON AIRPLANE SCHOOL 

























RIVETS 


All rivets should project through the metal before they are riveted, 
lj times the diameter of the rivet. 


After the riveting, the bucked or upset end of the rivet should be £ 
the original diameter and lj times its original diameter in width. 


METHOD OF DETERMINING RIVET LENGTH: 



L = Thickness + (l^ x D) 
Example: 

Diameter of rivet = 3/32 
Thickness of metals 3/64 
L = 3/64 f (lj x 3/32) 

= 3/64 f (3/2 x 3/32) 

= 3/64 f 9/64 
= 12/64 or 3/16 


The drill should always be held at right angles to the surface of the 
skin regardless of the contour. The drill should be allowed to go 
through only enough to clean out the hole. 


DRILL SIZES 


#50 

- Makes 

a 

hole 

with 

clearance 

for 

1/16 

inch 

rivet. 

#40 

- Makes 

a 

hole 

wi th 

clearance 

for 

3/32 

inch 

rivet. 

#30 

- Makes 

a 

hole 

with 

clearance 

for 

1/8 

inch : 

rivet. 

#20 or #21 

- Makes 

a 

hole 

wi th 

clearance 

for 

5/32 

inch 

rivet. 

#10 or #12 

- Makes 

a 

hole 

with 

clearance 

for 

3/16 

inch 

rivet. 

Letter F 

- Makes 

a 

hole 

wi th 

clearance 

for 

1/4 

inch : 

rivet. 




HOW 

TO DRILL OUT RIVETS 




The drill should be the same size as the original drill used to 
drill the hole with clearance for rivet being removed. The drill 
must be in the exact center of the rivet. 



ANDERSON AIRPLANE SCHOOL 














































